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ERRATA and ADDENDA 


The following additions and corrections should be made in the indi- 
cated papers and reports of Proceedings V. 55, July 1958 through June 


1959. 
Title No. 55-2 “Recommended Practice for Design of Concrete Pavements (ACI 
325-58)” 
p. 39—Eq. (13) should read: “a 
I 2f. A.’ 3 j 
7 u Q + in. 
* + * a 


Title No. 55-10 “Pressures on Formwork” 
p. 189—The equations in the middle of the page should read: 


p=c.(1+ 4") 


and 
i ( -) 
p- 1 0 ] + T 


* oF * 


Title No. 55-16 “Origin, Evolution, and Effects of Air Void System in Concrete. 
Part 2—Influence of Type and Amount of Air-Entraining Agent” 
p. 271—First line of type above Fig. 6 should read in part, “Fig. 6 shows the 


” 


correlation between L and... 


Title No. 55-29 “Folded Slab Construction” (see p. iv) 


* * * * 


Title No. 55-59 “Commentary on Concrete” 


p. 928—Reference is made to the Dome of the Public Library in Melbourne 
and attributes its design to John Monash. Our attention has been called to the 
fact that while a design was made by Sir Monash, it was not used. The structural 
design should be attributed to Trussed Concrete Steel Co., London. 


* * * * 


Title No. 55-62 “Role of Cement in the Creep of Mortar” 

p. 970—In Table 3, column headed “120 days, Ci” under “Stress of 2150 psi” 
for Cement No. 11, change 58 to 48. 

p. 975—In Table 7, co'umn headed “28-day cylinder strength, psi” for Cements 
2, 2A, and 2B, change 5350, 5400, and 5120 to 3770, 4000, and 3900, respectively. 

p. 977—The last sentence of the fifth paragraph from the top of the page 
should be corrected, in part, to read “...usual range of working stresses.” 


* * 
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Title No. 55-29 “Folded Slab Construc- 
tion” 
The accompanying illustrations re- 

mF 2 INSITU 
present an addition to the paper. These FOLDED SLAB 
drawings show two cross sections of 
the assembly hall described at the bot- 
tom of p. 459. The folded slab not only 
forms the roof in this construction, but 
it is carried around the side elevation 
and in fact replaces a rigid frame. Be- 
cause of headroom it is carried down 
only to a height of 6 ft 8 in., with the 
vertical portion of the frame carried 
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through to the bottom, and made rigid a 
enough to take the bending moments 
caused by the horizontal thrust. 
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Disc. No. 55-62 “Role of Cement in the Creep of Mortar” 


p. 1558—The first sentence of the second paragraph should read, in part, 
“Tensile strength, o,, of concrete rings subjected to restrained shrinkage, 8, was 
determined; .. .” 


p. 1559—In the next to last line e. should read ¢€.. 


























Title No. 55-71 “Cylindrical Shell Analysis Simplified by Beam Method” 
p. 1185—add the following to the Notation: 
p = load per sq ft of roof surface for dead load 
= load per sq ft of horizontal projection for uniform load 
w = load per longitudinal foot of shell 
= 2pm. Tox for dead load 
= 2pu. Tsing« for uniform load 
p. 1189—in Eq. (15), 3.030 should be 3,030. 
p. 1190—in Eq. (16), 3.030 should be 3,030. 


p. 1191—in Fig. 9, the scale for T,, should be 6, 4, 2, 0, 2, 4 instead of 3, 2, 1, 0, 1, 2. 


- * * * 


Title No. 55-79 “Effect of Powdered Minerals and Fine Aggregate on the Drying 
Shrinkage of Portland Cement Paste” 

p. 1306—For the reference in the last line read 15 instead of 13. 

p. 1315—The formula under the figure should be corrected to read 
logAS'o-r = logAX%o-rk + a’R+ bd’ 
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Disc. 55-66 


Discussion of a paper by José }. Rodriguez, Albert C. Bianchini, Ivan M. Viest, and Clyde E. 
Kesler: 


Shear Strength of Two-Span Continuous 
Reinforced Concrete Beams* 


By G. BROCK and R. TAYLOR 
By G. BROCKt 


This discussion will be restricted to an examination of the authors’ 
test results and the presentation of some complementary data. Although 
the writer would describe “shear failures” in a different way, it seems 
preferable to reserve this description for a future paper. 

Unrealistic design methods for reinforced concrete beams persist 
chiefly because shear and bending are treated as independent phenomena 
to be designed for separately. Progress in ultimate load design can be 
made if we regard shear as a factor which modifies the flexural re- 
sistance. 

In recent years the ultimate load approach to frame design has been 
facilitated by the methods developed for steelwork by J. F. Baker and 
his associates.’ They have shown that the collapse load of\a frame can 
be determined on the assumption that sufficient plastic hinges will de- 
velop to convert the structure to a simple mechanism. But the reinforced 
concrete engineer should follow this approach with caution. He must be 
sure that his typical structures can undergo the deformations necessary 
for this kind of collapse. 

The effects of shear seem to be more important in reinforced concrete 
than in structural steelwork. They may cause collapse at loads much 
smaller than those necessary for the development of a plastic hinge 
mechanism. It will be interesting, therefore, to compare the collapse 
loads observed in experiments with those calculated by plastic theory. 
Where shear is important we should expect to find that the plastic theory 
seriously overestimates the strength. 


AUTHORS' RESULTS EXAMINED BY PLASTIC THEORY 


To calculate the collapse load of a continuous beam we must know the 
maximum positive and negative moments it can resist. For under-rein- 
forced rectangular beams these moments can be calculated from Whit- 
ney’s formula," 


*ACI Journa., V. 30, No. 10, Apr. 1959 (Proceedings V. 55), p. 1089. Disc. 55-66 is a part of 
copyrighted JourNAL OF THE AMERICAN CONCRETE INsTITUTE, V. 31, No. 6, Part 2, Dec. 1959 
(Proceedings V. 55). 

+Member American Concrete Institute, Department of Civil Engineering, University of 
Birmingham, Birmingham, England. 
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PL THIRD POINT LOADING Fig. A—Variation of collapse load with 
tb? tensile reinforcement index at midspan. 
“4 | ® as Comparison of authors’ results with 
4 . ae plastic theory. 
el 
te 
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. 
2 * 
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M/f.’ bd’? = 0.456 p/p. (1 — 0.268 p/p.) 
where p, = 0.456 f,’/fy ° 


Table 2 shows that all the beams reported were under-reinforced. The 
proportion of tensile reinforcement over the central support was always 
67 percent greater than that provided in the span (p,). This means that 
both the ultimate hogging and sagging moments, and hence the collapse 
load, can be related to the reinforcement index at midspan (p,/p,). On 
this basis ultimate load calculations have been made for the three loading 
patterns investigated, and the results are shown by continuous lines on 
Fig. A and B. The test results have been plotted as single points in the 
same dimensionless form. 

Comparison shows little discrepancy between experiment and plastic 
theory, except for the beams of Series N, which had no web reinforce- 
ment. All Series N tests fell short of the calculated plastic strength. The 
deficiency was greatest with midpoint loading, which by conventional 
calculations would appear to be governed least by shear. 


On the other hand there appears no significant difference between the 
results of Series A, H, and I where different amounts of web reinforce- 
ment were employed. It seems that a modicum of web reinforcement is 
necessary to control shear but that further amounts do not improve the 
strength. 


The importance of the longitudinal reinforcement index on the col- 


lapse load is revealed both by theory and experiment in conclusive agree- 
ment. 
























beams with varying L/d. 


practice, the test loads were ap- 
plied uniformly at 16 equally 
spaced points. The experimental 
results were shown on Fig. C, in 
terms of L/d, for the three values 
of p/p, investigated. The theoretical 
plastic collapse loads are also plot- 
ted. They do not involve L/d as a 
variable. 

It will be noted that in all tests 
with p/p, = 0.2 the ultimate load 
conformed with plastic theory. In 
those with p/p, = 0.7 it fell away 
from the plastic value as L/d was 
reduced below about 15. The over- 
reinforced beams (p/p, = 1.20) did 
not quite reach the plastic theory 
collapse load even at L/d values of 
about 22. 

These tests illustrate clearly that 
the need for shear reinforcement 
increases as the L/d ratio is de- 
creased, especially in heavily re- 
inforced beams. 





CONCLUSIONS 
The importance of shear on any 
test beam can be gaged by the dis- 
crepancy between the actual col- 
lapse load and that calculated from 





SHEAR STRENGTH OF CONTINUOUS BEAMS 


EFFECT OF SPAN-DEPTH RATIO 


All the beams tested by the authors had a constant L/d value of 8.15. 
T. J. Fowler, K. H. Hohenkerk, and G. R. Leake, final year undergrad- 
uates at the University of Birmingham, working under the writer’s di- 
rection and using his model technique,'* tested 30 two-span rectangular 


Each beam had the same number of straight reinforcing rods at the 
top and bottom of the sections. Each rod ran the full length of the beam, 
which overhung the outer supports sufficiently to provide full anchorage. 
No web reinforcement was used, and the longitudinal reinforcement 
index was arranged to be either 0.2, 0.7, or 1.20 in each bearn. 


To simulate well distributed loads, such as are often encountered in 


8 


Fig. B—Variation of collapse load with 
tensile reinforcement index at midspan. 
Comparison of authors’ results with 
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Toto/ L od Fig. C—Effect of L/d on 
evduituevtverey collapse load of model rein- 
L L forced beams under |6 point 
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plastic theory. A number of the experiments reported by the authors 
looked to be shear failures, but calculations show they had reached the 
flexural limit. 

The most important variables affecting failure for a given geometry of 
loading are the reinforcement index p/p, and the span-depth ratio. The 
effect of these can be shown in dimensionless charts (Fig. A-C) which 
could be adapted for design use. 

The effect of adding some web reinforcement is shown to be important 
but increasing the amount does not always affect the collapse load to 
any marked degree. Further research to determine the minimum amount 
for effective web reinforcement would appear worth while. 

The common design assumption that the strength of a beam is pro- 
portionate to the amount of web reinforcement appears to be unfounded. 
Indeed, it seems doubtful whether the usual practice of proportioning 
web reinforcement to follow the working load shear force diagram can 
be justified. If the designer related his web reinforcement to the p/p, and 
L/d ratios and spread it uniformly along the beam, he might obtain sound- 
er structures'® and save much time in the design office and on the site. 
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By R. TAYLOR* 


The authors have presented such a wealth of data on the shear strength 
of reinforced concrete beams that it is difficult to make adequate com- 
ment on the whole paper. There are, however, several isolated points 
which the writer would like to make. 

Considerable difficulty has been caused in the past because the various 
investigators have adopted different definitions for diagonal cracking. 
The authors appear to have added somewhat to the confusion since, with 
their definitions, the diagonal tension cracking load is not necessarily the 
load at which the first diagonal tension crack forms but is that at which 
the diagonal tension crack has extended sufficiently into the beam to 
cause an appreciable redistribution of internal stresses. Such terminology 
is confusing, apparently even to the authors, since they subsequently 
refer to diagonal tension cracking loads as being the loads at which the 
first diagonal tension crack formed. 

The definition of the “diagonal tension cracking load” as it applies to 
beams without shear reinforcement does, however, coincide with that 
adopted in the many recent papers from the University of Illinois. This 
is important as it is now largely recognized that it is this stage, and not 
collapse, that must mark the failure criterion of such beams for practical 
purposes. There is, of course, often no difference between the diagonal 
tension cracking load as so defined and the collapse load for beams loaded 
so that the a/d ratio is comparatively large. That there is often a con- 
siderable difference between the two stages for beams loaded so that the 
a/d ratio is small has now been frequently demonstrated. What does not 
yet appear to be completely appreciated is that this difference is depen- 
dent on the load being applied to the beam at the top surface. The effect 
of the manner of loading on the shear strength of beams without shear 
reinforcement was first pointed out by Ferguson*’ in 1956. Ferguson sug- 
gested that when a beam is loaded in such a way that propagation of a 
diagonal crack is not inhibited by compressive stresses set up by a load 
block, e.g., by loading through transverse secondary beams or nibs fram- 
ing into the beam, then the collapse load may be considerably reduced. 
He demonstrated this effect in a series of tests on beams with short shear 
spans. More recently tests have been carried out at the Building Re- 





*Senior Scientific Officer, Building Research Station, Department of Scientific and Indus- 
trial Research, Garston, Watford, Herts., England. 
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Fig. D—Typical beam with 
loading and supporting nibs 





search Station, England, to investigate this effect over a greater range of 
a/d ratios. The type of beam used in these tests is illustrated in Fig. D. 
The results of the tests indicated that: 

(1) The diagonal cracking load is the maximum load that can be sus- 


tained by a beam when it is loaded and supported through transverse 
beams, irrespective of the length of the shear span. 


(2) The manner of loading a beam has little influence on the diagonal 
cracking load, except perhaps for beams with short shear spans. 


(3) The diagonal cracking load is only slightly influenced by the shear 

span, decreasing slightly with increase in shear span. 
Since the loading of a beam through secondary beams often occurs in 
practice these results are further evidence, if any were needed, that the 
diagonal cracking load must represent the failure criterion for beams 
without shear reinforcement. But the question now arises as to whether 
the manner of loading has any effect on the shear strength of beams with 
shear reinforcement. It would seem that it is necessary to answer this 
question before existing experimental data can be translated into design 
recommendations. 

Continuity in reinforced concrete raises several interesting problems 
with regard to shear strength. One problem which the writer has been 
concerned with recently—again for beams without shear reinforcement—- 
is the effect of the order of loading the spans of a continuous beam. A 
study of the mechanism of diagonal cracking had suggested a possible 
influence. Except for beams with short shear spans, diagonal cracks gen- 
erally develop from curving flexural cracks. The extent of a flexural 
crack above the soffit of a beam will generally increase with increasing 
bending moment, although in the later stages of development the change 
in extent is only small. If the major part of the shear force is carried 
across a cracked section of a beam by the uncracked part of the concrete 
above the crack, it would seem that the higher the bending moment on 
a section the lower might be its shear-carrying capacity. However it is 
possible that the higher stresses in the compression zone compensate this 
effect to some extent by offering greater restraint to the propagation of 
the cracks due to shear. If this is so, in a beam in which flexural cracks 
have been formed (by the application of a high bending moment) there 
will be a loss of shear resistance if the stresses in the compression zone 
are subsequently reduced without alteration of the shear force. Such an 


















SHEAR STRENGTH OF CONTINUOUS BEAMS 1577 


event might occur in a continuous beam by the separate loading of the 
spans. 


To investigate this problem a short series of tests was made on five 
beams cantilevering past the two supports. The general arrangement for 
testing can be seen in Fig. E. The beams, 71% in. wide by 10% in. deep, 
were supported at two positions 6 ft apart and load was applied by hy- 
draulic jacks at three positions, that is at midspan and at points 2 ft 
outside each support. The jacks were operated individually, the load 
being applied through load cells by means of which the load was meas- 


ured. 


Three beams, identical in respect to reinforcement and concrete mix, 
were tested with this arrangement by loading initially at the central sec- 
tion and subsequently on each cantilever. With this type of loading, 
flexural cracks were initially formed at the soffit in the usual way, and 
the effect of the superimposed load system on these cracks was observed. 
In two of the tests the load applied at the center of the beam was ap- 
proximately 90 percent of the average diagonal cracking load found for 
similar beams loaded centrally on a 6-ft span; in the third test the central 
load was 95 percent of this load. 


The essential results for this discussion are: 


(1) During the loading of the cantilevers, propagation of one or more 
of the original cracks occurred in all three tests in a way similar to that 
occurring in a simply supported beam under increasing load. 

(2) In one beam, that loaded at approximately 95 percent of the diagonal 
cracking load of similar simply supported beams, diagonal cracking oc- 
curred by the development of one of the original flexural cracks—see Fig. E. 
(In the other two beams diagonal cracking also occurred in the internal 
shear spans, but developed from flexural cracks initiated at the top surface. 
Such cracking in a continuous beam is dependent only on the relative values 
of the positive and negative bendirig moments and resistance moments and 
is not pertinent to the discussion on the order of loading.) 


In the tests on the other two beams, the three spans were loaded si- 
multaneously, the magnitude of the loading being arranged so that diag- 
onal cracking developed from flexural cracks formed at the soffit. In 
these tests the shear force at diagonal cracking was higher than that 
which caused diagonal cracking in similar beams loaded at midspan only. 
Thus in interpreting test data it is important to realize that this increase 


Fig. E—General arrangement for testing beams cantilevering past the supports 
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is dependent on the simultaneous loading of the spans. When a span is 
loaded prior to the adjacent spans being loaded there may in fact be a 
decrease in the critical shear force, although this decrease is only small. 
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Discussion of a paper by C. E. Proudley: 


Qualification Plan for Ready-Mixed Concrete Plants* 


By MILES N. CLAIR, E. F. LEWIS, JOSEPH J. WADDELL, and AUTHOR 
By MILES N. CLAIRt 


The excellent work done by Mr. Proudley and his associates in the 
North Carolina State Highway Commission is well known. The paper 
describes one of the procedures used to aid in obtaining good concrete. 
It is a fine idea and the paper is particularly valuable in that it gives in 
detail how the qualification plan is being carried out. One item however, 
that is normally of interest does not seem to be fully covered in the text 
of the memorandum, namely, the capacity of the plant and equipment 
based on their records of performance. Capacity of equipment is not 
always the same as actual production and a major factor for approval 
for some projects may be ability to deliver concrete of volume as well 
as quality. 

It is noted that in the check list nothing is said about source, quantity, 
or quality of water. This is often an important factor where water is 
scarce. In areas colder than North Carolina information on facilities for 
heating aggregates and water is desirable. 

The success of this plan would seem to depend not only how serious 
the state representatives are in applying the rules, but also the coopera- 
tion shown by the ready-mixed concrete producers, and the real compli- 
cations might arise if the right of approval or basis of approval is 
challenged. A number of building codes have introduced required ap- 
proval of ready-mixed concrete plants and the proposed revision of Part 
26 on concrete of the Boston Building Code includes such a requirement. 
In these cases the codes are enforceable as laws and the ready-mixed 
producers must conform. 


By E. F. LEWIS? 


Our ready-mixed concrete plants have operated under the North Caro- 
lina State Highway Commission plan for the past several years. Mr. 
Proudley did not say in his article that ready-mixed concrete plants which 


*ACI Journat, V. 30, No. 11, May 1959 (Proceedings V. 55), p. 1165. Disc. 55-69 is a part of 
copyrighted JourRNAlL OF TH AMERICAN CONCRETE INsTITUTE, V. 31, No. 6, Part 2, Dec. 1959 
(Proceedings V. 55). 


‘Member American Concrete Institute, President, The Thompson & Lichtner Co., Inc., 
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obtain the A-1 rating and agree to assign a “concrete technician” on every 
state job are allowed to place state highway concrete at any time and 
without an inspector. 


We have operated on this basis for about 2 years and consider it an 
honor which we guard jealously. To meet this program we now have 
four concrete technicians licensed by the state highway commission. It 
has meant that our personnel have done considerable studying, and to 
pass the examination, know and practice the fundamentals of good con- 
crete construction. This has carried thoughout our organization and has 
had a tremendous effect for the good on all concrete, whether state or 
private. There is a general tightening of concrete specifications by pri- 
vate engineers and architects, and the program of the state highway 
commission has brought about training in our personnel, enabling them 
to better meet all standards. 


We have been somewhat disappointed in the participation by ready- 
mixed concrete plants over the state. It affords a plan to increase the 
ability of any plant to produce better concrete through the installation of 
proper equipment and training of personnel. Once you have brought your 
personnel up to the standards required for a concrete technician, they are 
eager on their own accord to learn more and to produce better concrete. 
We hope that more ready-mixed concrete producers will participate in 
the future. The production of better concrete is one of the best sales 
means that a producer can obtain. 


By JOSEPH j. WADDELL* 


The paper by Mr. Proudley presents an approach that should be more 
widely adopted. Wider usage would tend to improve ready-mixed con- 
crete operations throughout the industry, forcing substandard plants to 
improve their facilities and operations. 


One important aspect mentioned by the author is the subject of per- 
sonnel training. Adequate training of personnel, both inspection and op- 
erating, is a problem that is constantly facing construction engineers. 
Especially when transit mixed concrete is permitted, properly trained 
operators are essential if anything approaching control is to be obtained. 


It would be of considerable help to some readers if the author could 
expand his discussion of personnel training. Perhaps a list of the refer- 
ences used could be furnished, together with some discussion of the 
examinations that were given. 


*Member American Concrete Institute, Knoerle, Graef, Bender & Associates, Inc., Chicago, 
1. 


















READY-MIXED CONCRETE PLANTS 
AUTHOR’S CLOSURE 


The training program for “Registered Concrete Technicians” men- 
tioned in connection with the qualification plan has created more com- 
ment than any other item in the paper. Expansion of the training school 
to include some time for those who are now registered will be a new 
feature during the coming winter program. This will take up behavior 
of concrete under various conditions and the analysis of faults or failures 
which are most likely to occur where control has not been adequate. 


Since writing the article, many more technicians have been registered. 
As pointed out by Mr. Lewis, much serious study is required to qualify 
and there are personnel of both the highway commission and the industry 
constantly preparing for examination. It is a slow process since it re- 
quires considerable preliminary reading and much home work with the 
computations for proportioning and adjustment of concrete mixtures. 


To answer Mr. Waddell’s suggestion in part, all of the texts used in the 
instruction are available from the Portland Cement Association, the Na- 
tional Ready Mixed Concrete Association, and the aggregates associations. 
For those who may wish to secure them, they are: 

1. “Estimating Proportions for Concrete,” NSGA Circular No. 68 and 
NRMCA Publication No. 69, National Sand and Gravel Association and 
National Ready Mixed Concrete Association, Washington, D.C. 

2. “Control of Quality of Ready-Mixed Concrete,” Publication No. 44, 
National Ready Mixed Concrete Association, Washington, D.C. 

3. “Specifications and Test Methods for Ready-Mixed Concrete,” Publi- 
cation No. 47, National Ready Mixed Concrete Association, Washington, D.C. 

4. “Design and Control of Concrete Mixtures,” Portland Cement Associa- 
tion, Chicago. 

5. “A Method of Proportioning Concrete for Strength, Workability and 
Durability,” Bulletin No. 11, National Crushed Stone Association, Washing- 
ton, D.C. 

6. “Recommended Practice for Selecting Proportions for Concrete,” Pub- 
lication No. 45, National Ready Mixed Concrete Association, Washington, 
D.C. (A reprint of ACI Standard ACI 613-54.) 

7. “Sampling and Testing Ready-Mixed Concrete,” Publication No. 66, 
National Ready Mixed Concrete Association, Washington, D.C. 

The questions in the examination are quite comprehensive and have 
been criticized for being “too tough.” We require a 100 percent grade on 
the examination before certifying but this is not as bad as it sounds. We 
are anxious to create registered technicians and if the applicant will con- 
tinue with additional examination, mostly verbal, after his first trial, our 
concrete engineers who conduct the examinations will assure us that the 
prospective technician fully understands every question and answer. We 
have supplied interested persons and organizations with sample copies 
of the written portion of the examination on many occasions. 

Although it has been gratifying to have the approval plan for ready- 
mixed concrete plans received so enthusiastically there is one serious 
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deficiency in it. The quality of the end product is not rated! Although it 
is unlikely that a fully qualified technician with a well equipped plant 
will turn out inferior concrete, there is no assurance from the list of ap- 
proved plants that they will be consistently reliable in the uniformity of 
delivered concrete. 

During the past construction season the compression test strengths rep- 
resenting concrete delivered to state highway projects have been ana- 
lyzed for coefficient of variation and average strength. The average 
strengths from the 50 plants which furnished state jobs during this period 
(8 months) ranged from 3360 to 5810 psi for 28-day strengths (6 bags per 
cu yd cement required). Minimum strength of 3000 psi is the specifica- 
tion. The coefficients of variation range from a low of 3.6 percent to a 
high of 25.6 percent. Incentive is a powerful influence toward improve- 
ment and it is our intention to work out a plan whereby those who have 
excellent uniformity and ample strength will be permitted a more favor- 
able cement factor than the plants which have a high coefficient of 
variation even though the average strength exceeds the required strength 
by a wide margin. The items requiring consideration in such a plan are 
many and controversial but it is our belief that such incentive will result 
in over-all improvement quicker than an educational program alone. 





Disc. 55-71 


Discussion of a paper by James Chinn: 


Cylindrical Shell Analysis 
Simplified by Beam Method* 


By MILO S. KETCHUM, A. L. PARME and H. W. CONNER, A. SIEV, 
ANTON TEDESKO, ALFRED ZWEIG, and AUTHOR 


By MILO S. KETCHUM?t 


The author has demonstrated that the beam method for barrel shells 
is quite accurate for the design of interior barrels of multiple barrel 
structures. The development of formulas is useful only for circular bar- 
rels of constant thickness. However, the advantages of the beam method 
extend far beyond the use for circular barrels of constant thickness. 

The writer would like to list and discuss a few of these advantages: 

(1) The beam method can be applied to a barrel of any cross section 
and variable thickness; thus barrel shells are not limited to circular shapes 
of constant thickness only. 

(2) It can take into account a concentrated line load in determining the 
transverse bending moments. This has been demonstrated in a recent book 
by Chronowicz.t 

(3) The barrel shells may be ribbed in either direction. 

(4) The beam method is not necessarily limited to a straight line distri- 
bution of longitudinal stress. Any distribution can be used. The procedure 
is to select two basic patterns of stress and then solve for the combinations 
of patterns which satisfy statics. This device is particularly useful as a 
method of correcting the theory of elasticity solution for circular barrels 
with nonuniform cross section. The pattern of longitudinal stress is taken 
from the elasticity solution for uniform cross section and is adapted to the 
nonuniform section. 


The writer has used the beam method to study the stresses in hyper- 
bolic paraboloidal structures. For sections cut through an element of 
the shell, the distribution of longitudinal stress is initially assumed as 
a pattern with constant stresses of one sign in the shell and the other 
sign concentrated at the stiffening rib. The basic simplified equation 
for the hyperbolic paraboloid can be reproduced by this device. 

*ACI Journat, V. 30, No. 11, May 1959 (Proceedings V. 55), p. 1183. Disc. 55-71 is a part of 
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Several writers have studied the effect of changes in the stress pattern 
on the design of barrel shells. For example, Kirchner* has demonstrated 
that there is only a small variation in transverse moments for a number 
of different distributions of longitudinal moment. 

Jenkins? has presented a method of determining the stresses in barrel 
shells based on minimum strain energy. Several possible longitudinal 
stress patterns are selected and the ratios of these patterns are deter- 
mined from minimum strain energy. 

The beam method for barrel shells has many uses and should be 
studied by every designer of shell construction because it provides an 
insight on the structural action of shells that cannot be obtained from 
the more accurate but more tedious theory of elasticity solutions. 


By A. L. PARME and H. W. CONNER? 


Dr. Chinn is to be complimented on the neat and concise arrangement 
of the formulas obtained on the basis of conventional methods of analy- 
sis dealing with the internal forces and moments occurring in a member 
of curved cross section. It has been recognized by many that within 
certain proportions the stresses obtained by treating the shell as a beam 
agree with those obtained by a rigorous solution of the eighth order 
differential equations derived from the elastic behavior of space struc- 
tures.’ Full exploitation of this fact has been difficult to realize princi- 
pally because limits within which the approximate beam solution is 
valid could not be clearly established. It is readily apparent that when 
the chord width exceeds greatly the span, the analysis of a shell by the 
beam theory is meaningless. For this condition the longitudinal carry- 
ing action is confined to a zone near the valley, and the upper portion 
of the shell is relatively free of longitudinal forces. It is not so readily 
evident that some degree of inaccuracy may hold as well for long nar- 
row shells. 

The author has correctly stated the assumptions upon which the beam 
analogy is predicated. Unfortunately, the assumptions give no clue as to 
the range of applicability. Under all conditions, the presence of trans- 
verse moments indicates that at a given cross section, the edge and 
crown will deflect a different amount. Thus the first assumption can 
never be exactly fulfilled. But complete satisfaction of this assumption 
is not needed, since it is the relative deflection of the valley to the crown 
that accounts for significant departure of stresses in a shell from that 
indicated by the beam theory. As yet there is insufficient data avail- 


*Kirchner, G., “Zur Berechnung langer Zylinderschalen,” Der Bauingenieur (Berlin), V. 3, 
No. 9, Sept. — Pp. 331, 336 
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able to determine at which ratio a departure from the linear distribu- 
tion of stresses occur. 

To check as to whether the second assumption is complied with is 
almost impossible without recourse to shell analysis. The deflection at 
midspan could be used as a rough guide to determine how much longi- 
tudinal bending occurs. There is, however, a shortcoming to relying too 
greatly on this approach. Generally the maximum longtudinal bending 
and twisting moments occur near the corners. In this area they do not 
bear a direct relationship to the midspan deflection. Thus values ob- 
tained from midspan deflection might be misleading. Fortunately, the 
magnitude of the longitudinal bending is seldom critical. 


In spite of these deficiencies the beam method is a useful and handy 
procedure for analyzing shells if due caution is taken of its limitations. 
It has one tremendous merit in that the behavior of a shell can be ex- 
pressed in terms of the product of constants which depend only on ¢, 
and various multipliers. The advantage of this is that a compact table 
with a single variable can be prepared to cover a large range of cases. 

Although the calculations entailed by equations presented by Dr. 
Chinn are considerably less complicated than those engendered by the 
more exact shell theory, they require nevertheless a high degree of 
accuracy. As an aid to the designer, Tables A and B are presented which 
have been computed on the basis of Eq. (1) to (21). The values listed 
are the internal forces at a cross section in multiple barrels for dead 
and uniform load and for unit symmetrical horizontal displacements of 
the edges. As a matter of information, the tables were computed by 
means of an electronic computer employing 12 significant figures. This 
accuracy was required since studies of the sensitive nature of the equa- 
tions indicated that in some cases even with ten significant figures er- 
rors of 10 percent could accrue in the final answers. The coefficients 
listed are only given to four significant digits since slide rule accuracy 
is sufficient in their use. 


The determination of the internal forces is readily evident from the 
formulas given in Table A for forces T,, Ty, S, and M,. The results 
given by the operations indicated inside the first bracket will coincide 
exactly with the numerical evaluation of Eq. (1) to (21). However, to 
extend the usefulness of the beam method a correction term is given 
in the second bracket in the expression for 7, and M4. 

For short shells, i.e., one whose ratio of span to chord width is small, 
and small central angles, the edges of a single shell tend to deflect in- 
ward. In contrast to this in long shells, when r/I is less than about 0.25 
the reverse behavior takes place when a uniform load is applied. In 
this instance a flattening of the shells occurs causing the edges to de- 
flect outward. This in some cases greatly alters the distribution of 
transverse moment. This flattening being due primarily to the direct 
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TABLE A— VERTICAL LOADS 
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—1.977 
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—0.00353 | 
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—0.00797 
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—0.00548 
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0.00434 
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—0.00707 
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0.00565 
0.00561 
—0.01591 


—0.00800 
—0.00302 
0.00640 
0.00632 

| —0.01796 


—0.00897 
—0.00337 
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TABLE A (Cont'd) — VERTICAL LOADS 





Uniform transverse load Dead weight load 


| Tx T¢ Ss Mo T; a ae Mo 
deg. | ¢ (1) (2) | (3) (4) (5) (6) (7) (8) 


40.0 |0.506,|—0.443 |—o592 | 1.929 0.c0595|—0.482 |—0592 | 2.095 | 0.00719 
0.259, | 1.279 . 1.675 0.00578 | 1.389 0.055 1.819 | 0.00705 
0 3.616 | 0.000 | —0.01641| 3.928 0.297 0.000 | —0.02006 


oO, —1.449 —1.; 0.000 —0.00853 | —1.610 | —1.393 0.000 0.01096 

0.756, | —1.170 —1. 1.065 —0.00316|—1.299 | —1.165 1.183 0.00408 
45.0 | 0.500, | —0.343 —O. 1.694 0.60688 | —0.381 -0.583 1.882 
0.259, | 1.001 d 1.468 0.00657 1.112 0.052 1.630 
0 | 2.809 . 0.000 —0.01872 3.120 0.266 6.000 


o |—1.160 |—1. 0.000 -0.00939 | —1.322 1.380 0.000 0.01301 

| 0.759, | —0.935 O75 0.947 0.00344 | —1.065 —1.152 1.079 0.00480 

50.0 | 0.500, | —0.271 0. 1.504 0.00762 | —0.308 —0.574 1.713 0.01054 
| 0.256, | 0.802 ‘ 1.300 0.00714 0.914 0.049 1.481 0.01002 

| 2.232 0.000 —0.02042| 2.543 0.000 0.02871 


—0.946 | —1. 0.000 —0.00989 | —1.109 0.000 0.01506 
—0.761 0.849 |—0.00358 |,—0.892 0.995 0.00549 

| —0.217 . 1.347 0.00807 | —0.255 1.578 0.01227 
0.655 1.161 0.00742 | 0.767 1.360 0.01144 

| 1.805 . 0.000 |—0.02130) 2.115 0.000 0.03293 
| —0.783 6.000 0.00992 | —0.947 0.000 0.01705 
| —0.629 wut ¥ 0.766 0.00355 | —0.761 0.927 0.00613 
| —0.177 —0.! 0.00815 | —0.214 —0. 1.467 0.01398 
0.543 0.00734 | 0.656 . 1.261 0.01275 


1481 | 0.095 0.02118 | 1.790 | 0 000 0.03688 


internal forces (membrane stresses) and not due to bending, is not taken 
into account by the ordinary beam theory. To correct for this flattening 
Tables B and C are included. Table C gives the horizontal displacement 
due to a uniform load on the shell for various values of ¢, and r// as 
computed from the membrane theory of shells. These values multiplied 
by the corresponding coefficients in Table B yield the correction which 
must be applied to M, and Ty. 


No correction is given for dead load, since this type of loading does 
not lead to any appreciable error. 


The importance of the need for including a correction is shown in 
Table D which lists the results as obtained by the three methods. The 
values tabulated in row marked “Beam Method” have been computed 
by coefficients from Table A. In the next row called “Modified Beam 
Method,” the effect of the horizontal displacement is included. The third 
row represents values computed according to ASCE Manual No. 31 using 
a single sinusoidal load. An examination of the M, values reveals that 
the unmodified beam method gives results at variance with the shell 
theory. While M, values recorded in Table D are small, and can be 
easily resisted by the concrete itself, in some cases serious underesti- 
mation of critical moments can occur. More disturbing is the fact that 
the moment could be of opposite sign. As seen in Table D much closer 
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agreement is obtained by the modified beam method. This good corre- 
lationship holds for all long barrel shells. 

Another point which Table D illustrates is that an analysis by shell 
theory on the basis of a single sinusoidal load yields shear stresses that 
are too low. To avoid the necessity of applying additional loads, it is 
the general practice in many cases to multiply the shears obtained from 
a single sinusoidal load by 1.20. In this connection, the beam method 
implies that the distribution of shear at various cross sections is constant. 
In reality, near the supports the location of the point of maximum shear 
tends to be lower than at midspan. The magnitude of the shear stresses 
decreases somewhat above the neutral axis and increases below. With 
respect to reinforcing for shear stresses this change is not very signifi- 


TABLE B— EFFECT OF A UNIT HORIZONTAL DISPLACEMENT 


ee 
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cant and can be ignored in design. However, it does alter the magnitude 
of the transverse moment greatly. 

In conventional shells, the depth of the supporting members is gen- 
erally much greater than the shell. As a consequence of the difference 
in the stiffness between the two elements, the transverse moment M, at 
the support is zero. From this section, M, gradually increases to a max- 
imum value. The rate of increase is a function of the chord to span ratio. 
Some insight on the longitudinal distribution of M, at the crown and 


as Assumed distribution beam method 


Baie gets AAR PPS: cere 


Single sinusoidal load 


1.0 
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Fig. A— Longitudinal distribution of M, at crown 


- Assumed distribution beam method 









































Fig. B— Longitudinal distribution of M, at valley 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Part 2 Dec. 1959 


TABLE C — MEMBRANE HORIZONTAL DISPLACEMENT 
FOR UNIFORM LOADS 





0.125 0.150 6.175 
AH/ (P.r*/Et) 


18.88 10.37 

25.54 ~ 14.09 

33.43 18.49 

42.55 23.59 

29.38 

35.84 

42.94 

50.65 

67.61 

‘ 86.14 

904.36 ~ 380.03 188.87 105.47 
1068.79 — 449.20 223.31 | 124.77 


| | 
——) 


| BERSeeBRszRE 


wn 
BSReSsm owner 


TABLE D— COMPARISON OF VARIOUS METHODS OF ANALYSIS 
t = 4 in. 5 
= 26 2 
= 66.7 ft 
Se = 60 deg 


o Method 


9, 
(Crown) 


Beam 
Modified beam 
shell 


Beam 
0.756, Modified beam 
Shell 


Beam 
0.506, — beam 
ne 


Beam 
0.256, + pe beam 
| Sheil 


ee ‘Beam 

(Valley) Modified beam 
+ ft-lb paral. 
valley in a typical shell can be obtained from Fig. A and B for various 
r/l ratios. The ordinate represents the ratio of the moment M, at any 
point to the moment at midspan computed by the beam method or by a 
single sinusoidal load, designated as M*,. 

The curves have been computed by the method outlined in ASCE 
Manual No. 31, using a sufficient number of terms in the Fourier series 
to achieve an accuracy within 1 percent. At the crown, the distribution 
of moment (when r/I is greater than 0.4) adheres quite closely to a sine 


distribution. Even for very long shells, the maximum moment is only 





— “ _ we - 
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TABLE E— MOMENT OF INERTIA 


rt [Col. (11) ] 


gr, Aeg (11) . (11) 


22.5 0.00041 
25.0 0.00068 
27.5 0.00110 
30.0 0.00168 
32.5 0.00249 
35.0 0.00358 


0.00502 
0.00687 
0.01216 
0.02017 
0.03174 
0.04782 


Ou S & 
SASUVSs 
cococu! 


reached at the quarter point. Along the valley, as one would expect, the 
moment increases at a slightly greater rate. In both places, it is evident 
that for values of r// greater than 0.4, a sine distribution agrees more 
closely with the actual distribution than the constant value resulting 
from the beam method. 

It should be noted that Tables A and B are only for shells continuous 
in the transverse direction. No attempt was made to provide data on 
single shells because of the infrequent use of such shells and because 
of the limited applicability of the beam theory. It must also be kept in 
mind that the excellent agreement shown in Dr. Chinn’s article holds 
only when adjoining shells are identical and loaded symmetrically. 

To facilitate the determination of the deflection, coefficients for de- 
termining the moment of inertia of the cross section are tabulated in 
Table E. 

The writers concur with the statement made by Dr. Chinn that the 
beam method gives sufficient accuracy in many practical cases. How- 
ever, a careful scrutiny, should always be made when r// is greater than 
0.6 or the boundary conditions and loading differs from those used in 
the examples. 


By A. SIEV* 


Prof. Chinn shows clearly the close agreement, on the bases of certain 
assumptions, between calculations by the beam method' and ASCE 
Manual No. 31.” 

However, the statement that the beam method “can be used for any 
values of r/t and l/r, provided the assumptions involved in the method 
are sufficiently satisfied” should be qualified in view of the connection 


*Lecturer, Technion—Israel Institute of Technology, Haifa, Israel 
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between the values of r/t, r/l, and the assumptions made. In the same 
context, the transverse stresses remain almost unchanged for any value 
of r/t and r/l provided they are in the same range. 

This range can be determined by examination of the assumptions. 

The first assumption is theoretically impossible. If all points on a trans- 
verse cross section are equally deflected vertically without horizontal 
displacement, deformation sets in — in contradiction to the beam method 
calculation. However, it can be proved that deformation of the cross 
section cannot exceed a certain amount (as M, has the role of distrib- 
uting the load transversely) while the vertical deflection varies approx- 
imately as the fourth power of the shell span. Therefore, the higher the 
flexural rigidity compared to the longitudinal rigidity, the closer the 
agreement with Assumption (1); the same applies to Assumption (2). 
Factors influencing this relation are: r/l, r/t, ¢,, and continuity of shell; 
continuity over supports increases longitudinal rigidity, while transverse 
continuity (multiple barrel shell) increases shell arch rigidity. 

Deflection according to theoretical Assumption (1) [Reference 1, p. 


78] obeys Bernoulli’s law of linear distribution of longitudinal stresses 
| 


Fig. 2* shows clearly how this takes place when / increases, and the 
effect of transverse continuity is seen by comparing Example 1° (curved 


T, distribution) with Example 2 (almost linear 7, distribution). This 
shows that the condition r/l < 0.2 (Reference 2, p. 2) for straight line dis- 
tribution of 7, in a single barrel shell is replaced by at least 0.9 > r/l 
in a multiple barrel shell (Fig. 8, Reference 5). All multiple barrel shells 
covered by the range r/l < 0.6 of Table 2°, and more, (which includes al- 
most all practical cases) are cases of straight line distribution. Let us 
refer to such a shell as a “long” shell. 

In the numerical examples given by Prof. Chinn only such “long” 
shells are dealt with and therefore an almost straight line distribution 
of 7, was obtained. However, the four required values M,, S, T,, Tg [in 
view of Assumption (2)] are interrelated by three equations of equi- 
librium in both methods, so that if one of them is found by strain con- 
siderations the other three are determined unambiguously. 7, being 
almost the same by both methods, it is apparent that the other values 
must also be almost the same. 


Had a “shorter” shell been studied (i.e., Example 1 of Reference 1) no 
such agreement would exist. These considerations lead to the suggestion 
of a new table for an inner shell (circular cross section), as a sequel to 
Prof. Chinn’s work — based on functions of ¢, only, which will be much 
easier for use. The old tables* will continue to serve only for single 
shells or very short ones (Reference 2, Table 3). Definition of the range 
of long-span beams in the various conditions will be necessary in that 
case. 





CYLINDRICAL SHELL ANALYSIS SIMPLIFIED 
By ANTON TEDESKO* 


The author is to be commended for a well prepared paper giving a 
simplified analysis of cylindrical shells. Since the range of applicability 
of simplified methods of design is often not fully realized by the reader 
of such and similar papers, it is the purpose of this discussion to point 
to the limitations in the use of approximate methods of design. 

For many years it has been the practice of the company with which the 
writer is associated to devote considerable effort through field and office 
research toward gaining a better understanding of the behavior of shell 
structures. Our methods of design based on the theory of elasticity and 
on so-called exact solutions require fairly extensive calculations. We ana- 
lyzed our solutions in an effort to see what approximations could be made 
to simplify calculations for future designs. From these observations the 
writer came to the conclusion that approximate methods of design are 
primarily useful for the purpose of preparing a preliminary estimate of 
materials or to determine variations of design values where an exact 
analysis of a similar structure is already in existence. 

The writer has used an approximate approach similar to the method 
described in the author’s paper and from past results knows that the total 
tensile and compressive forces checked rather well with those obtained 
by the exact solution, but that values for maximum direct stress and for 
transverse bending moments were unreliable, the exact values for bend- 
ing moments sometimes being many times greater than those obtained 
by the approximate method. 

For single radius cylindrical shells, the diagrams for direct stresses and 
moments are rather quickly computed by the exact method and it hardly 
seems worthwhile to save a small amount of time by following an ap- 
proximate method leading to results which only the experienced designer 
can judge as to their accuracy. 

The writer believes that the idea of reducing the shell design work and 
substituting approximate procedures can only be accepted where there 
is direction of the design group by an engineer versed and experienced 
in the behavior of shells. This experience can only be acquired through 
exact analyses of shells. Only by comparison with exact studies can a 
designer develop a feeling and judgment as to when, where, and within 
what ranges the results of simplified analyses may be useful and where 
departures from conventional details are permissible. 

The author’s paper has merit in the hands of the proper people and is 
considered a worthwhile contribution in the field of shell literature. 


*Member American Concrete Institute, Vice-President, Roberts and Schaefer Co., Engi- 
neers, Chicago and New York. 
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By ALFRED ZWEIG* 


Dr. Chinn has rendered a valuable service to the profession with his 
publication describing the cylindrical shell analysis simplified by the 
beam method. To analyze a shell as a beam is certainly much simpler 
than to apply the more general method contained in ASCE Manual No. 
31. 

Although there are definite limitations for the use of the beam method 
as emphasized by Dr. Chinn in the introduction to his paper, the example 
used in ASCE Manual No. 31 as well as the example in Pamphlet ST 37 of 
the Portland Cement Association are well within the range of this meth- 
od. And the importance of Dr. Chinn’s paper lies primarily in the fact 
that he has demonstrated how close the results of the approximate meth- 
ods correspond to those of the more accurate analysis. 


This paper is valuable also in that it furnishes the designer with a set 
of fully developed formulas pertaining to a rather commonly used shell 
shape. 

There is, nevertheless, one great shortcoming in this paper which less- 
ens its practical applicability to the every-day use by the designing engi- 
neer. Almost all values required for the shell design, such as moment of 
inertia, deformations, rotation, moments, normal force, etc., are repre- 
sented as small differences of large quantities and, consequently, these 
values can only be obtained with any degree of accuracy by the use of a 
calculating machine exact to the seventh-decimal place. 


Accuracy to this extent would require much more time and greater 
effort than the average engineer would be willing to invest — even for 
the design of a cylindrical shell roof; and, with its resultant susceptibility 
to innumerable mistakes, the practical value of this approach may be 
in doubt. 


If the form in which Dr. Chinn presents his derivations were the only 
one available, the writer, for one, would prefer the tables of ASCE Man- 
ual No. 31, which permit the use of the slide rule, rather than a method 
which compels one to use seven-place decimals. 


Fortunately, there is a way out of this dilemma. All formulas presented 
by Dr. Chinn can be developed in various trigonometric power series 
leading to expressions which avoid small differences of large quantities 
and which, therefore, are adaptable for ordinary slide rule use. 


Further simplifications can be obtained by contracting certain terms. 
It is not, for instance, advisable first to determine the influence of the 
vertical loads at a far distant point from the origin, then to establish the 
moments due to the shear forces at the same point, and, finally to sub- 
tract one from the other value. It is, rather, preferable to combine the 


*Member American Concrete Institute, Associate, Albert Kahn Associated Architects and 
Engineers, Inc., Detroit, Mich. 
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values of, say, Eq. (5) and (14) and (9) and (14) and to use the formula 
of the final difference. 

In this connection, the choice of the statically indeterminate values 
by Dr. Chinn might be questioned. While it is true that his approach has 
the distinct advantage that the two statically indeterminates can be eval- 
uated with two independent equations, each with only one unknown, the 
writer has used in a similar problem the three-hinged arch as the stati- 
cally determinate main system. Although this leads to a set of two equa- 
tions, one dependent upon the other, and the solution is, therefore, a bit 
more cumbersome than the elastic center approach, the writer prefers 
the three-hinged arch as the main system since the answers thus obtained 
are less sensitive to small errors. The reason for this lies in the general 
truth that any statically determinate main system should be chosen so 
that it comes as close as possible to the action of the indeterminate 
structure and that the redundants should add only minor corrections to 
the main system. From this point of view, the moments on the three- 
hinged arch will resemble the final moments much more than the mo- 
ments of the statically determinate main system chosen by Dr. Chinn. 

To be able to apply the power series approach to those equations which 
contain, in addition to the expression ¢,, also the value ¢, such as, for 
instance, Eq. (9), (12), (14), etc., it is advantageous to express ¢ as frac- 
tions of ¢,. 

Later in this discussion, all formulas presented by Dr. Chinn resulting 
in the difference of large values have first been transformed through 
power series and then properly combined into expressions which can be 
used with an ordinary slide rule. Formulas have been prepared for ¢ = 0, 
b = o/2, and @ = dy. 

There is another question which comes to mind in connection with Dr. 
Chinn’s paper, and that is: What is the distribution of M, and 7, values 
in the direction of the longitudinal span of the shell? Dr. Chinn does not 
discuss this question. ASCE Manual No. 31 recommends varying the M,, 
and 7, values according to sin (xx)/l. The recommendations of Manual 
No. 31, however, do not seem to be justified. 

As pointed out by Dr. Chinn, the M, and 7, values are solely a func- 
tion of dVQ//b. For a uniformly distributed load dV /dx is constant for the 
full length of the beam and, consequently, the M, and 7, values should 
remain constant for the full length of the shell and should not be reduced 
according to sin (x x) /l. The recommendations of Manual No. 31 in this 
respect are not on the safe side, and the designer should be warned not 
to reduce the reinforcing for M, and T, as suggested in Fig. 21, p. 54 of 
Manual No. 31. 


The conclusions of the manual are understandable from the general 
approach therein. In the manual the uniformly distributed load is re- 
placed by one following the cosine law in order to solve the differential 
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equation. Consequently dV /dX follows the sine law from which the man- 
ual concludes that the M, and 7, distribution should be the same. 

The beam method, on the other hand, shows clearly that dV /dX is con- 
stant and that the recommendation of the manual in this respect must be 
properly adjusted. 

It is true that, directly at the support, the M, and 7, values will vanish 
because of the rigidity of the end supports; but the influence of the end 
support will disappear much faster than the sine law would indicate and, 
for practical purposes, the M, and 7,4 values should be assumed to be 
more or less constant for the full length of the shell. 

Finally, there should be mentioned a small omission in Dr. Chinn’s 
paper, which otherwise was obviously done with greatest care and dili- 
gence. In the notations the definition of w was omitted. Upon inquiry by 
the writer, Dr. Chinn supplemented these notations, as follows: 


For dead load: Wor = 2por Tox 
For live load: Wit = 2pi.7 sin ¢ 


DERIVATIONS 

The following derivations are made with the use of the coefficients in 
Table F. The trigonometric series sing = ¢ —-*,3 + ¢° 5— 47/74 ~ 
and cos¢ = 1 — ¢*/2 + ¢'/4— ¢°,6+.... can be found in many hand- 
books. To properly transform all formulas pertaining to the design of 
cylindrical shells, the knowledge of the coefficients for the power series 
of other trigonometric functions is required. For this reason the writer 
has prepared Table F which contains the coefficients for these functions. 
Where feasible, a general expression for the coefficients is shown in the 
last column of the table. Since, in many equations, the coefficients with 
smaller exponents cancel out, indicating the fact that the function under 
consideration has a small value, it is necessary to develop some of the 
coefficients for expression up to and including the eleventh power of the 
series. 

Eq. (1), (4), (8), amd (17) through (21) of Dr. Chinn’s paper do not 
require any modification. All other expressions have been developed in 
trigonometric series. Eq. (5a) and (9a) have been added. They are the 
result of combining Eq. (14) with Eq. (5) and (9), respectively. To do so, 
the expression for the moment of inertia in Eq. (2) has been substituted 
in Eq. (14), and the value for w has been inserted either as 2pr¢,, when 
considering dead load [Eq. (5a)], or as 2prsind, for live load [Eq. (9a) ]. 
Eq. (5a) and (9a) are especially advantageous when considering the 
moments for ¢ = 0, since the individual application of Eq. (5), (9), and 
(14) may lead to results not accurate enough when restricting the design 
to the use of the slide rule. 
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Omitting the tedious derivations, the final results are: 


2r 
" 2); 7 > am & 
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ie ees 
ox. : M 0 


with Eq. (14)]: 


252 — 103¢,° 
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Eq. (5a) [combining Eq. (5) 
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Eq. (9): 
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Eq. (9a) [combining Eq. (9) with Eq. (14)]: 
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To? 11g,’ 
Eq. (11): Pf — . ) 
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Shear difference 
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NUMERICAL EXAMPLE 


The application of these formulas will be demonstrated on Example 2 


from ASCE Manual No. 31 which was also used by Dr. Chinn. Note, how- 
ever, how much simpler the arithmetic is and that in no instance more 
than slide rule accuracy is required to get results sufficiently close to the 
more exact values of Manual No. 31. The figures in bracket are, unless 
otherwise mentioned, those obtained by Dr. Chinn. 


The following basic values will be used: 

dx = 40 deg = 0.698 ox" . , 924,000 
ox" 0.487 i r° = 28,600,000 
o* 0.340 Ns 0275 - 888,000,000 
gx" 0.237 O1s sing, —. 0.643 
or” 0.166 sing, 
go’ = 0.116 x = 7 
dx’ = 0.0808 


Hou ue Ul 
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Dead load = p = 47 psf 

Live load = p = 25 psf 
Wh = 2ppu Tox = 2 X 47 X 31 & 0.698 = 2033 lb per ft 
Wit = 2pir 7 Sings = 2 X 25 x 31 x 0.643 = 997 lb per ft 
w = 3030 lb per ft 


Eq. (2): 


2 29,800 | al 
Fig (1-162 — 0.081) = 205 ft* [204.777] 


x 29,800 
oe ~ (0.1133 — 0.0083) = 73,700 [73,710.36] 


From Eq. (10): 


Et 25 « 29.800 


12 On 2 (0.1133 — 0.0249) = 32,800 [33,718.87] 


From . €33): 


3030 x 28,600,000 ? 
Ove = B39 905 (0-0808 — 0.0041) = 51,500 [51,685.93] 


From . Ge): 
Et® F F 
2 O#= 31 < 0.698 Mec = 21.6 Mee [21.642092 Mec] 
Solving for Mec: 
73,700 + 32,800 — 51,500 = 21.6 Mec 


55,000 


Mic —5, 6 = 2550 ft-lb per ft [2575.69] 


From Eq. (7): 


47 x 924,000 my 
Et*( As) nc = ——“ggq— (1.162 — 0.098) = 128,000 [128,554.03] 


From Eq. (11): 


25 x 924,000 


“780 (0.581 — 0.127) = 58,100 [59,552.1] 


Et? (An) ex = 


From Eq. (16): 


3030 x 880,000,000 


$48 x 205 -(0.00563 — 0.00045) = 104,000 [106,379.81] 


Et® (Aa) ec = 


From Eq. (19): 


205 
Et’( As) we = Hee =102.5Hee —[ 102.389 Heo] 


Solving for Hec: 
128,000 + 58,100 — 104,000 = 102.5 Hx. 


82,500 


Hee = 3092.5 


= 800 lb per ft [798.19] 
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Before getting the final moments on the statically indeterminate system, the 
noments M. on the statically determinate systems resulting from the vertical 
oads and the influence of the shear difference are obtained for ¢ — ¢:/2 with 
the help of Eq. (5), (9), and (14) and for ¢=0 with Eq. (5a) and (9a). 


For @ = @x : M,.=0 
—47 x 961 —25 « 961 
For e : M. ss (0.487 — 0.054) eames (0.487 — 0.138) 


3020 x 924,000 
» + 46,080 x 205 (3-37 — 0.152) 


= —2450 — 1050 + 950 = —2550 ft-lb 


20.36 — 4.06 ,, 6.78 —~ 2.64 
192 x 1.081 ~ 2° * 951 64> 108i 


= —3540 — 1430 = 4970 ft-lb 


M, = —47 x 961 


Moments M reflecting the influence of the statical indeterminacy are: 


For ¢= ¢ M = 2550 + 800 x 31 (0.766 — 0.921) —1290 ft-lb 


For ¢= ai M = 2550 + 800 x 31 (0.940 — 0.921) = +3020 ft-lb 


For ¢=0 M = 2550 + 800 x 31 (1.000 — 0.921) = +4520 ft-lb 


The final moments are established by adding M. to M. The values in brackets 
are the moments derived on p. 56 of ASCE Manual No. 31 and multiplied with 
the coefficient 2/4. 


For ¢ = ¢ M = 0 —1290 = —1290 ft-lb [—1170] 


pet 4s M = —2550 + 3020 = +470 ft-lb [+394] 


¢=0 M = —4970 + 4520 = —450 ft-lb [—435] 


This comparison shows that the answers obtained with a slide rule are 
sufficiently close to those resulting from the more accurate analysis of 
Manual No. 31. 


AUTHOR’S CLOSURE 


The writer is indebted to all the discussers for their excellent com- 
ments on his paper. Their discussions have increased the value of the 
original paper manyfold. 


Messrs. Siev and Parme and Conner point out that the assumption of 
equal vertical deflections of all points and no horizontal deflections is 
theoretically impossible. They recognize, however, that this assumption 
need not be exactly satisfied, a point the writer intended to be expressed 
in the statement “provided the assumptions involved in the method are 
sufficiently satisfied.” 
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Messrs. Siev, Parme and Conner, and Tedesko have commented on 
the range of applicability of the beam method. Mr. Siev suggests that 
the method is applicable for an r// of at least 0.9, while Messrs. Parme and 
Conner call for a “careful scrutiny” of its applicability when r/l exceeds 
0.6. The two shells shown in the writer’s paper had r// of 0.5 and 0.9, 
respectively. This can be used as a guide; however, it should be ob- 
vious that r/l is not the sole parameter to be used in setting a limit of 
applicability. r/t and ¢, would certainly be expected to have an affect. 
Until someone makes a sufficient number of comparative designs be- 
tween the beam method and the exact method, the limits of applica- 
bility cannot be defined. The writer is of the opinion that competent 
designers possess sufficient judgment to decide when the assumptions 
of the beam method are sufficiently satisfied. 

The intent of the writer’s original paper was to present formulas ap- 
plicable to one particular structure, the cylindrical shell of constant 
thickness. Mr. Ketchum has ably shown how the principles of the beam 
method can be applied to other shells. He also points out that the beam 
method gives a good insight on the physical action that takes place in 
shell structures in terms that are familiar to the average designer. 

The writer is deeply indebted to Messrs. Parme and Conner for their 
extensive work in preparing the tables of coefficients which greatly sim- 
plify the calculations involved in the beam method. These tables are 
essentially the ones Mr. Siev has suggested should be prepared. The 
calling attention to the error induced by membrane deflections and the 
preparation of tables for calculating this effect are very much appre- 
ciated. Many readers would no doubt be interested in seeing the equa- 
tions used to prepare these corrections, and it is hoped that Messrs. 
Parme and Conner will publish them. Perhaps this correction eliminates 
some of Mr. Tedesko’s objections to the beam method. 

Mr. Zweig’s contribution is a worthy one. The writer had thought 
about trying to simplify his equations; but when a solution by these 
equations did not agree with one using formulas from Reference 1 which 
appeared to be a power series solution, it was erroneously concluded 
that a power series solution was not accurate. Fortunately Mr. Zweig 
did not reach the same conclusion. 

Messrs. Parme and Conner as well as Mr. Zweig re-emphasize the 
writer’s statement that his equations require a high degree of accuracy 
in numerical calculation and are therefore not suited to slide rule calcu- 
lation. Whether one would use the writer’s equations in preference to 
those of ASCE Manual No. 31 is a matter of individual choice. It should 
be pointed out, however, that Manual 31 limits itself to r/t of 100 and 
200 whereas the writer’s equations contain no such limitation. It is doubt- 
ful that Mr. Zweig would choose the equations of Manual 31 for other 
values of r/t in preference to the writer’s equations. Mr. Zweig’s sug- 
gestion of using the three-hinged arch as the statical arch structure is 
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n excellent one, and coupled with the method of column analogy would 
ot require the solution of simultaneous equations. 

Messrs. Zweig and Parme and Conner have discussed the matter of 
he longitudinal distribution of M,. The exact solution indicates that 
, begins to decrease at a significant distance from the supports. It 
should be remembered that the exact solution is based on supports which 
are basically diaphragms and includes the effects of twisting moments. 

It seems to the writer that the matter of twisting moments has been 
mishandled in structural practice. In both plate and shell structures, 
solutions are obtained assuming that twisting moments do exist (some- 
times reducing bending moments by as much as 50 percent), but the 
shearing stresses which would be induced by these twisting moments 
are never checked to see if they are excessive. In reinforced concrete 
there is some question as to whether plates and shells are capable of 
resisting moments. The writer recalls hearing of tests performed in 
Sweden that indicated slabs are incapable of resisting twisting moments 
after they crack. All the shells with which the writer is familiar were 
subject to considerable shrinkage cracking. 

Another practical aspect to cylindrical shells is the matter of the ac- 
tual loading versus the assumed loading. The live load on a shell is 
normally snow load assumed to be uniform on a horizontal projection. 
More likely the snow will tend to be deeper in the valleys than at the 
crown. The effect of uniform-load membrane deflection on M, as com- 
pared to negligible effect for dead load would indicate that the actual 
distribution of load has great influence on M,. 
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Disc. 55-72 


Discussion of a paper by M. F. Kaplan: 


Flexural and Compressive Strength of Concrete as 
Affected by the Properties of Coarse Aggregates* 


By J. F. McLAUGHLIN, B. G. SINGH, and STANTON WALKER 
and DELMAR L. BLOEM 


By J. F. McLAUGHLIN? 


Dr. Kaplan has made an interesting contribution to the literature 
concerned with variations in the flexural and compressive strength of 
concrete. There are, however, several questions that should be raised 
in connection with the statistical analysis of the data. This discussion 
is confined to these matters. 


Table A shows the general experimental layout used by Dr. Kaplan. 
It is an expansion of Table 6 to include space for the individual ob- 
servations that go to make up the means shown in his Table 6. A sim- 
ilar layout was used for flexural strength. If we assume that the 
specimens made on different days are replicates and not a nested 
effect, this is a three-way classification with three observations per 
cell. If all interactions are considered possible, the mathematical mod- 
el is 

Yijnr =u + Ai + My + AMy, + Ce + AC + MCye + AMCijn + enjer 
where A = aggregate effect, M = mixture or gradation effect, C = effect 
of curing time, and e¢ = random effect. 


Since the purpose of this investigation was to “...determine the 
effects of the properties of 13 different coarse aggregates on the flex- 
ural and compressive strength of concrete...”, it would appear that 
the first step should be an analysis of variance of the data so that it 
can be determined if aggregate effects are significant. The analysis 
and appropriate F-test follow from the model. If it is found that the 
means are significantly different (at say the 5 percent level), one can 
then proceed to further analysis which might be to make individual 
comparisons of the means in question by the Duncan procedure fol- 
lowed perhaps, by multiple regression. If, on the other hand, these 


*ACI Journat, V. 30, No. 11, May 1959 (Proceedings V. 55), p. a, Disc. 55-72 is a part of 
copyrighted Joummat OF THE AMERICAN CONCRETE INSTITUTE, V. 31, No. 6, Part 2, Dec. 1959 
Proceedings V. 55 

+Member litem el Concrete Institute, Associate Professor of Civil Engineering and Research 
Engineer, Joint Highway Research Project, Purdue University, Lafayette, Ind. 
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TABLE A—EXPERIMENTAL LAYOUT OF COMPRESSIVE STRENGTH, PSI 
Mixture or aggregate grading 7 


1 II Ill 
Aggregate 


7 days 28 day 91 days| 7 days! 28 days' 91 days! 7 days 28 days! 91 days 
Batch 1 
Batch 2 
Batch 3 


Mean 80 9770 10,360 3770 5910 6880 1880 3140 4010 


Batch 1 
Batch 2 
Batch 3 
Mean 8080 10,560 11,640 4100 624C 7380 2140 3330 4140 





Batch 1 
Batch 2 
Batch 3 
Mean 8140 1¢,410 11,460 4250 6500 7506 2170 3340 4070 


means are not significantly different by our test criterion, then we must 
conclude that chance variation alone can account for the observed dif- 
ferences and perhaps this is where the analysis should end. 

There is no statement in Dr. Kaplan’s paper to indicate that such a 
significance test was made and since only averages are reported, one 
does not have sufficient information available to make the analysis 
himself. This leaves the reader uncertain as to the validity of the sub- 
sequent conclusions that are drawn, especially when he is aware that 
it is not unusual to find that the results of strength tests on concrete 
have a coefficient of variation of 5 percent. 

With respect to the regression analysis that was performed, the re- 
sults of which are shown in the author’s Table 9, it is indicated that 
the coefficients for shape and surface texture were not significant in 
the majority of cases. Also, there does not appear to be a good the- 
oretical basis for obtaining the R*, reported as 84 percent for flexural 
strength, by averaging the individual values found in the separate re- 
gression analyses. It would help the reader if the individual values of R* 
were reported together with a statement as to whether these analyses 
were performed on means or individual observations. 

In summary, the paper leaves much unsaid and leaves much to con- 
jecture on the part of the reader. Since strong statements are made 
regarding the influence of aggregate characteristics on flexural and 
compressive strength of concrete, some of these points need clarification. 


STRENGTH AFFECTED BY COARSE AGGREGATES 
By B. G. SINGH* 


We are indebted to Dr. Kaplan for his interesting paper. The absence 
of more specific conclusions from such an obviously painstaking study 
should not detract from its usefulness. The data presented may well 
serve as a foundation for future investigations in a field which seems 
promising. However, it would seem possible to give a somewhat differ- 
ent interpretation than that given. 

Although Eq. (1) and (2) clearly indicate that strength, all other 
factors being equal, is mainly influenced by: 

(1) The modulus of elasticity of the coarse aggregate, e. 
(2) The angularity number of the coarse aggregate, a. 
(3) The surface texture of the coarse aggregate, s. 
There are obviously other factors not taken into account in view of the 
poor correlation between the equations and the results at any given 
age. Even after averaging the constants and results for various ages the 
correlation drawn in Fig. 6 still shows reasonable scatter. Dr. Kaplan 
makes three suggestions in an attempt to explain the results: 
(1) The rougher surface as measured by s will result in greater adhesive 
force between the cement and the aggregate. 
(2) The angularity as measured by a contributes to strength because 
angularity is associated with greater surface area. 
(3) Lower modulus of elasticity produces lower strength because it de- 
forms easier. 

While a rough surface will undoubtedly contribute to mechanical 
bond, the development of adhesion is a function of the physico-chemical 
properties of the surface and the adherend. Although there is no known 
method of measuring such surface properties, in relation to bond, these 
could be inferred qualitatively from test results of the type obtained. 
The suggestion that the more angular material with its greater surface 
area contributes to strength seems to be somewhat doubtful for an in- 
crease in surface area will lead to a decrease in cement per unit ag- 
gregate area and so lead to lower strength. It might be inferred from 
the suggestion that if the coarse aggregates were broken down further 
to increase the surface area a higher strength would have been obtained, 
which is unlikely. Interlocking of the coarse aggregate due to roughness 
and angularity to give higher strength is also doubtful, for the lean 
mix is less sensitive to aggregate type. 


As the modulus of elasticity of the aggregate is many times greater 
than that of the resultant concrete, it is clear that the cement matrix 
has a lower value. Also as the mean diameter of the aggregate particle 
decreases, relatively more cement will be associated with it and as a 
result the regions of fines will deform more readily and so tend to cause 


*Member American Concrete Institute, Jamaica Engineering and Research Co., Ltd., 
Jamaica, W. I. 
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Fig. A—Compressive strength plotted 
with respect to highest and lowest val- 
ues against an arbitrary scale to show 
the average position of each aggregate 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Flexural strength, psi 


° 
° 
“ 









Part 2 December 1959 












































° 0.5 | 





Fig. B—Flexural strength plotted with 
respect to highest and lowest values 


against an arbitrary scale to show the 





average position of each aggregate 
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differential movement within the mass— particularly when highly 
stressed. The larger particles such as the coarse aggregate will deform 
less readily and so develop higher bond stress, in some respects similar 
to reinforced concrete. Thus the larger the aggregate size and the higher 
the modulus of elasticity, the higher will tend to be bond stress, and 
for a given bond strength a higher e value should give a lower strength. 
This reasoning leads to the conclusion that type of surface becomes 
more important as the size of the aggregate increases, which may ex- 
plain the significant effect of the coarse aggregate in spite of the fact 
that it contributed only between 8 to 16 percent of the total aggregate 
surface. 


The modulus of elasticity, angularity, and surface texture must be 
related to the type and size of crystals forming the material. As the 
type and size of crystals will also determine the kind of mechanical 
and physico-chemical bond between the particles and the cement matrix, 
it would appear that the factors shown to be related to strength in the 
present paper are inseparable from those affecting bond. If bond is as- 
sumed to influence strength as outlined, then it is conceivable that al- 
though Eq. (1) and (2) may predict the same strength for two aggre- 
gates, significantly different results could be obtained, which may ex- 
plain some of the scatter obtained. 


It has been suggested in an earlier discussion that strength of con- 
crete may be considered to be closely related to: (1) water-cement ra- 
tio; (2) bond between cement matrix and aggregate particles; (3) 
strength of aggregate particles; and (4) voids. 

The water-cement ratio determines the strength of the cement matrix 
and influences both strength of the matrix and bond; and bond stresses 
develop provided that the matrix has sufficient strength and the ag- 
gregates are stressed to crushing point. Thus at low strengths, water- 
cement ratios tend to determine point of failure. Thus the effect of 
aggregate type is of less significance with lean mixes and high water- 
cement ratios, whereas at higher concrete strengths, bond and aggregate 
strength assume greater importance. 


If compressive strength for each age of test and mix proportion is 
plotted against an arbitrary scale, say 0 to 1, 0 representing the lowest 
and 1 representing the highest and the other remaining 11 results fitted 
in their relative position With respect to strength (see Fig. A), per- 
formance of each could be read off on the arbitrary scale. It will be 
observed that except for the behavior of Mix 1 for 28 and 91 days the 
aggregates performed with surprising consistency, with H and L oc- 
cupying approximately the highest average position and E occupying 
the lowest. Similar plots (see Fig. B) for flexual strength show J, N, 
and H occupied the highest average position whereas A occupied the 
lowest. It will be observed that N performed significantly better with 
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respect to flexual strength than compressive strength. Thus it would 
seem that a coarse aggregate that gives a high flexural strength may not 
necessarily give a high compressive strength as indicated by Eq. (2). 

It has been shown* (Fig. C) that concrete strength for a given 
aggregate-cement ratio depended on both water-cement ratio and spe- 
cific surface of the aggregate and a single curve for Ham River aggre- 
gates was obtained when strength was plotted against: 


o- = w/e + kS.n 
Where w/c = water-cement ratio by weight 
S. = specific surface of the aggregate, sq cm per g 
n = aggregate-cement ratio by weight 
k =a constant: 5 x 10°‘ for compressive strength and 1 x 10° for 
flexural strength 


It has been suggested that the constant k may depend on the properties 
of the aggregate and possibly also on the properties of the cement. Thus 
for given w/c, S,, and n, strength may be reduced by a higher k value 
which could be interpreted as due to poorer bond. 


If the aggregate giving the highest strength is assumed to give a 
perfect bond and strength as assumed to be determined by water-cement 
ratio alone, i.e., = 0, and the relationship between strength and ¢, are 
similar to that shown in Fig. C except for a displacement of the curve, 
then it is possible to obtain & values for the average position occupied 
by each aggregate, if the specific surfaces of the aggregates are known. 
Assuming that the fine aggregates were similar to Ham River it is pos- 


*Singh, B. G., “Specific Surface of Aggregates Related to Compressive and Flexural 
Strength of Concrete,”’ ACI Journat, V. 29, No. 10, Apr. 1958 (Proceedings V. 54), pp. 897-9C7; 
discussion: V. 30, No. 6, Part 2, Dec. 1958 (Proceedings V. 54), pp. 1373-1381. 
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sible to estimate the specific surface of each of the three gradings. With 
this assumption, specific surface of Grading 1 was estimated to be 12.7 
sq cm per g; Grading 2, 16.7 sq cm per g; and Grading 3, 22.5 sq cm per 
g with a variation of about + 6 percent due to shape and specific grav- 
ity of the various coarse aggregate. Thus assuming ks = 0 for H and L, 
the following values « 10% were obtained for compressive strength: 


= =} eS. D E F G Se ree Se ee Tes =e 
6.05 | 3.55 145 | 145 7.2 i194 | 216 | O | O8 4.04 | 0 | 3.55 | 2.65 


These values could be used to relate ¢, to strength (see Fig. D) for each 
mix proportion and age of test, except for Mix 1 for 28 and 91 days, 
which compares favorably with Fig. 6. 

Similarly a set of values could be obtained for flexural strength 
assuming = 0 for J. The following values « 10% were obtained: 


A | ort 2 D | @ 7. on mops 6 ee ey ae. ee 


19.0 | 100 | 170 | 100 | 130 | 100 | 44 | 16 o | 150 | 48 | 52 | 10 


These, as for compressive strength, were used to calculated ¢, and plot- 
ted against flexural strength (Fig. E). If the results included a greater 
number of water-cement and aggregate-cement ratios it would have 
been possible to draw up a single relationship for each age of test for 
both compressive and flexural strength. 

An obvious criticism of the values obtained for & is that it is based 
on the specific surface of the combined aggregate to which the coarse 
aggregate contributed a small part. However, as there is reason to be- 
lieve that the surface properties of the coarse are of greater significance, 
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Fig. E — Correlation be- 

tween flexural strength and 

¢. for various aggregates 
used in study 
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this criticism should not be of over-riding importance. It might be noted 
that this is also a criticism of Dr. Kaplan’s equations. 

The effect of the various size groups should be of great interest, but 
proper assessment must depend on future work. 

The great advantage in viewing the problem according to the concepts 
outlined is that there is no need to measure e, a, and s as tests could be 
made with the aggregates in concrete mixes under standard conditions 
and the decrease in strength resulting from the surface and other prop- 
erties of the aggregate could be evaluated in terms of equivalent water- 
cement ratio and the saving in cement that will result with the use of a 
particular type of aggregate could be assessed. 


By STANTON WALKER and DELMAR L. BLOEM* 


The discussion of effect of coarse aggregate properties on the com- 
pressive and flexural strength of concrete presented by Dr. Kaplan has 
been of great interest to us. We have studied the data carefully. We are 
impressed by the meticulous detail with which the author has carried 
out the laborious statistical analyses on which his conclusions are based. 


Our studies of the data have led to somewhat different conclusions 
than those drawn by the author. We have not been able to convince our- 
selves that the differences in strength of concrete made with the 13 
aggregates are truly explained by the author’s Eq. (1) and (2) involving 
modulus of elasticity, angularity, and roughness of aggregate. It is true 

*Members American Concrete Institute, Director of Engineering and Associate Director of 


Engineering, respectively, National Sand and Gravel Association and National Ready Mixed 
Concrete Association, Washington, D. C. 
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that these equations appear to fit the data very well, but to say that 
they portray their significance may be misleading. 

The concretes, made with aggregates of widely varying characteristics, 
all had the same proportions by weight and the same water-cement ra- 
tio for each of the three basic mixes. The proportions took no account 
of differences in specific gravity of the coarse aggregates; consequently, 
the quantity of cement per unit of volume of concrete varied. Further, 
for each basic mix, the ratio of fine to coarse aggregate by weight was 
the same throughout, taking no account of differences in particle shape, 
void content, or solid volume of the coarse aggregate. Accepted propor- 
tioning methods would require the ratios of fine to coarse aggregate to 
reflect coarse aggregate void content. 

Certainly, if the mixtures with high-void-content coarse aggregate 
contained enough fine aggregate, then those with low-void-content ag- 
gregate were over-sanded. That the use of fixed proportions would pro- 
duce concretes differing considerably in slump should also be expected. 
This effect is indicated in Table 3 where compacting factors suggest 
differences in slump of as much as 3 or 4 in. 


The use of a constant water-cement ratio for each basic mix is not 
sufficient, in our opinion, to make the concretes comparable. The cement 
contents differed; the ratios of fine to coarse aggregate were not com- 
parable; and the consistencies were not the same. These factors likely 
may have been principally responsible for the differences in strength 
which were found. 


As a matter of fact, the variations in strength were not enough to 
leave much room for influence by any of the variables. For compressive 
strength, they were not substantially greater than might have been 
expected if only one aggregate had been tested 13 times. For the flexural 


TABLE B—COEFFICIENTS OF VARIATIONS FOR 13 CONCRETES* 





Coefficients of variation, percent 


Age at test, - Flexural § | Compressive 

Mix days strength strength 
I (1:3.08) 7 
28 
91 


II (1: 7.53) 7 
28 
91 


III (1:10.25) 7 | 
28 
91 


ees. eas 


— 
Nek NHR ~ATINC 
AID PHAM HBOS 
osm soo SMe 


woo 





*These coefficients are calculated for the 13 values, representing the 13 aggregates shown 
in Table 5. 
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tests, the variations certainly were 
not more than twice what would 
yo47 + i7Re have resulted from testing one ag- 
15.45 Oe gregate 13 times. This is demon- 
p | strated by the coefficients of varia- 
tion, calculated for each age and 


each mix, shown in Table B. 


K 


g 


| | | Since flexural strengths varied 
s shie jae substantially more than compres- 
Tee eisai sive, we shall restrict our discus- 
sion to them. Further, we shall deal 
with average strengths instead of, 
as the author did, with individual 
strengths and average relation- 
ships. It can be shown that either 
procedure gives about the same re- 
* namic: MODULUS OF COARSE 406, psi x 1%Q) sults. Table C summarizes the prin- 
cipal data on which our discussion 
is based. 


AVERAGE FLEXURAL STRENGTH OF CONCRETE, psi (y) 











Fig. F—Relationship of concrete flex- 
ural strength to modulus of elasticity of 
coarse aggregate Of the three characteristics 

which the author considered to 

correlate well with strength, the dynamic modulus of aggregate was said 
to exert the most influence. Two regression lines for dynamic modulus 
versus flexural strength are shown in Fig. F. These differ only in that, in 
one case, the out-of-character point for Aggregate K (with modulus of 
elasticity of only 3.3) has been omitted. Including K, the correlation coef- 
ficient is 0.678 which is significant with a 2 percent probability of error. 
That is to say, there are only about two chances in 100 that the rela- 


TABLE C—SUMMARY OF DATA ON AGGREGATES AND CONCRETE* 





Aggregate | Concrete 


Average strength, psi 
Aggregate Rough- Dynamic Average 
identifi- | Angularity ness modulus Specific | cement Compres- 
cation number factor (71¢~*) gravity factor Flexural sive 


had 
> 
oo 
a 


5.81 £ 5944 
5.83 5 6394 
5.83 6287 
5.85 6421 
5.89 5978 
5.92 ¢ 6451 
5.9¢ 
5.95 
5.95 
5.93 
5.92 
6.02 
5.97 
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*From author’s Tables 3, 4, and 5. Concrete data are averages of all mixes and ages. 
tCoefficients of variation, percent. 
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tionship is accidental, even though FE may not have been a cause of the 
strength variations. Excluding K, the correlation coefficient is better, 
being 0.810, significant at a level of less than 1 percent. 

But why should modulus of elasticity have such a well defined effect? 
It is probably related to the strength of aggregate particles, but the 
author points out, and we agree, that all of the aggregates were strong 
enough in relation to the mortar that their strength was probably of no 
significance. 

A study of the data makes it immediately apparent that a good rela- 
tionship exists between dynamic modulus and specific gravity of the 
aggregate. Perhaps that is a fortuitous agreement rather than a real 
relationship, but it exists. It is self-evident that specific gravity has a 
well defined effect on the characteristics of concrete through its in- 
fluence on yield. The dynamic modulus versus specific gravity relation- 
ship is shown in Fig. G. With Aggregate K again omitted, the correla- 
tion coefficient is 0.826, which is significant at less than 1 percent. 

That specific gravity, when allowed to influence the cement content 
of the concrete, should correlate with strength seems completely rea- 
sonable. That an excellent correlation did exist is shown by Fig. H. The 
correlation coefficient is 0.831 which, again, is significant at less than 
1 percent. It should be emphasized that this relationship is a reflection 
of other factors — principally cement content but also fine-to-coarse 
aggregate ratio and consistency. In any event, whether by coincidence 
or otherwise, flexural strength was equally well related to both dynamic 
modulus and specific gravity of aggregate and these properties in turn 
were closely related to each other. It seems doubtful that either actually 
has a causal relationship, per se, to strength. 

Thus, while the author 
has opened some highly 
interesting avenues for 
future investigation, we 
feel that he may have 
considerably over - em- 
phasized the significance 
of the aggregate proper- 
ties which he measured. 
That the high degree of 
simple correlation be- 
tween flexural strength 
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and aggregate modulus of elasticity 
may have been a reflection of other 
factors, not considered in the anal- 
ysis, is suggested by our calcula- 
mae ta tions. Strength was no better corre- 
+ 0.831 lated with aggregate modulus of 
| elasticity than with aggregate spe- 
cific gravity. The latter two proper- 
ties were found also to be closely 
i aC correlated with each other, and it 
"x" EXCLUDED is easy to rationalize why specific 
gravity of aggregate, under the 
conditions of these tests, should 
have affected concrete strength. 
We are reluctant, therefore, to ac- 
cept the conclusion that modulus 
of elasticity of aggregate affected 
Fig. H—Relationship of concrete flex- 1 inca even though it correlated 
well. 

Aggregate surface texture would 
be expected to affect concrete 


strength, particularly in flexure. 
With all aggregates included, however, the correlation is just fair, pro- 


ducing a coefficient of only 0.488, significant at the 10 percent probabil- 
ity level. Here again, eliminating the eccentric Aggregate K (this time 
with an unusually high value for roughness factor) improves the corre- 
lation coefficient to an impressive 0.798, which is significant at less than 
1 percent. 

As implied above, angularity would be expected to correlate with 
strength in these tests because of the use of fixed proportions and the 
consequent influence of angularity and void content on workability and 
degree of over- or under-sandedness. The simple correlation coefficient 
for flexural strength versus angularity number was found to be a mod- 
erately low 0.551 when all aggregates were included and a slightly bet- 
ter 0.651 when Aggregate K was excluded. These values are significant 
at about the 5 percent and 2 percent probability levels, respectively. 

Considering the data in the light of our approach, we feel that mod- 
ulus of elasticity and angularity of the aggregate probably were related 
to strength only indirectly, either through mutual relations to other 
factors or through extraneous influences related to the methods of test- 
ing. This explanation does not appear to apply to the effects of surface 
texture, which may actually have been more than apparent, although 
it was necessary to eliminate one aggregate from the calculations to 
show a high degree of correlation. 


The author’s closure will appear in an early 1960 JOURNAL. 
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Discussion of a paper by Georg Wastlund 


Use of High-Strength Steel in Reinforced Concrete* 
By K. HAJNAL-KONYI, R. TAYLOR, A. ZASLAVSKY, and AUTHOR 
By K. HAJNAL-KONYIt 


In his very interesting paper Professor Wastlund has classified the 
requirements which a reinforced concrete structure has to fulfill under 
the following three main headings: (1) adequate safety against failure; 
(2) limited crack formation: and (3) limited deflection, i.e., sufficient 
rigidity. 

Each of these conditions establishes a “ceiling” for the permissible 
steel stress and it is of course the lowest of the three ceilings which 
is relevant. 


In the case of pure bending or of bending combined with a relatively 
small axial compression, adequate safety against failure can be obtained 
if the mode of failure is in tension, i.e., if premature failure in any of 
the other possible modes of failure enumerated in Professor Wastlund’s 
paper is avoided. Under this assumption it can be shown that if the 
value of the so called “tension reinforcement index” q = A,f,/bd/,.’ does 
not exceed a certain limit (which depends on f,, on the ultimate strain 
of the concrete in compression, and on the bond between reinforce- 
ment and concrete) there is practically no ceiling to the steel stress. 
If the two other conditions could be disregarded, even high tensile 
wire with an ultimate strength of 120 tons per sq in. could be used 
as ordinary (i.e., nontensioned) reinforcement at say half its strength. 
This, however, is not true because the two other conditions impose 
a much lower limit on the working stress. Reference is made to Fig. 
6 in Reference 11 (Fig. A in this discussion) which represents the 
load-deflection lines of six beams of identical dimensions containing 
different percentages of various types and qualities of steel and demon- 
strates the significance of the three ceilings. 

The ultimate load on beam 20H reinforced with 0.178 percent of high 
tensile wire which was fractured at failure was 32 percent higher than 
the ultimate load on the comparable beam 4H reinforced with 0.98 per- 


*ACI Journat, V. 30, No. 12, June 1959 (Proceedings V. 55), p. 1237, Disc. 55-75 is a part of 
copyrighted JourNAL OF THE AMERICAN CONCRETE INsTITUTE, V. 31, No. 6, Part 2, Dec. 1959 
(Proceedings V. 55). 

+Member American Concrete Institute, Consulting Engineer, London, England. 
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cent mild steel although the cube strength of the latter was 20 percent 
higher. Yet beam 4H fulfilled both Conditions (2) and (3) until the 
maximum load was reached whereas beam 20H showed both excessive 
cracking and excessive deflection already at approximately 1/3 of the 
ultimate load. Thus for beam 4H the ceiling is the steel stress whereas 
for beam 20H the ceilings are determined by the crack widths and the 
deflection. 

Professor Wastlund has dealt with the question of crack widths in 
detail. Briefly, it may be stated that because of the crack widths, steel 
of a yield point or proof stress of more than about 100,000 psi can hardly 
be used economically as nontensioned reinforcement, even if all possible 
precautions are taken regarding the distribution of the steel in the ten- 
sile zone. 


Regarding deflection, one has to distinguish between instantaneous 
deflection caused by the application of the load and deflection under 
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sustained loading. Instantaneous deflection caused by the dead load can 
be compensated by an initial camber. This also applies to a certain ex- 
tent to the deflection caused by shrinkage and creep under dead load 
but not to deflection caused by live load. 


In a paper read at the convention of the Deutscher Betonverein in 
Munich in May, 1959,'* Professor Leonhardt showed on the basis of 
theoretical considerations that while the instantaneous deflection in- 
creased in the same proportion as the working stress in the reinforce- 
ment, the deflection under sustained loading was much less affected by 
the steel stress. This is illustrated in Fig. B which is reproduced from 
Professor Leonhardt’s paper with his permission. (The metric system 
has been converted into lb and in.). 

The writer has carried out comparative tests on 12 beams under sus- 
tained loading.'* Six of these were reinforced with mild steel and kept 
loaded at a stress of 20,000 psi; six were reinforced with Tentor steel 
and kept loaded at a stress of 34,000 psi. While the average ratio of the 
instantaneous deflections of the two groups was 1.40, the average ratio of 
the total deflections after more than 2 years of sustained loading was 
only 1.15 which is a confirmation of Professor Leonhardt’s theory. 

Experience has proved that it is important to consider the deflection 
after a long period of loading even with mild steel at a working stress 
of 20,000 psi. The importance of the deflections increases with increasing 
working stress but if an adequate camber is provided to compensate 
for the influence of the dead weight the effect of an increased working 
stress as against that of mild steel is much less serious than would ap- 
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pear from the comparison of the instantaneous deflections. Further re- 
search in this field is desirable. 
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By R. TAYLOR* 


The author has posed some interesting problems concerning the use 
of high-strength steels in reinforced concrete. One of these problems, 
that concerned with the bending of. these steels, has recently been the 
subject of an exploratory series of tests carried out at the Building Re- 
search Station, England. 

The problem arises with the possible use of high-strength steels for 
shear reinforcement in the form of stirrups. In such cases it would often 
be necessary to bend the bars to a smaller diameter than is required 

by standard specifications. In fact, 
in designing to the British Code of 
Practice BS CP.114, it is permitted 
for the provision of anchorage, to 
bend the stirrup around a bar of 
the same diameter (see Reference 
14 for further discussion of this). 
To obtain some data on the effect 
of bending high-strength steels 
around small diameters, compara- 
tive tests were made on four types 
of reinforcing bar produced in Eng- 
land: (1) a plain round ordinary 
mild steel bar (MS); (2) a plain 
round high-tensile steel bar, its 
high strength being due to its com- 
position (HT); (3) a cold-worked 
round steel bar having the herring- 
bone pattern of deformations, the 
coast '® bar having been cold worked by 
anal Bs twisting and stretching in a sim- 
Fig. C—Testing arrangement ilar way to the Danish bar de- 


*Senior Scientific Officer, Building Research Station, Department of Scientific and Industrial 
Research, Garston, Watford, Herts, England. 
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scribed in Professor Wastlund’s paper (T); and (4) a cold-worked 
steel bar produced by twisting a square mild steel bar (ST). Two sizes 
of each type of bar were tested: the round bars were \% in. and % in. 
diameter; the others were 4% in. and % in. square. Specimens of the 
',-in. bars were bent using a normal type bending machine around pins 
of % in. and '% in. diameter; specimens of the %-in. bars were bent 
around pins of '2 in. and % in. diameter. Two specimens of each type 
were bent at each diameter. 

It was decided to bend the bars at a lower temperature than normal 
laboratory temperature since it was considered that this would show 
up any differences in the effect of bending much more markedly. Ac- 
cordingly the bars were stored overnight in a room at a temperature of 
25 F. These, suitably wrapped, were then transported in small numbers 
to the bending shop. The actual temperature of the bars at the moment 
of bending was not obtained but generally this would not be much 
higher than 25 F. 


Fig. D(a) —%-in. specimens after test. Left—Bars bent around a %-in. pin. Right 
—Bars bent around a ¥2-in. pin 


M 3 i 7 7 2 
Fig. D(b)—%-in. specimens after test. Left—Bars bent around a ¥2-in. pin. Right 
—Bars bent around a %-in. pin 
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TABLE A—RESULTS OF TESTS 


Load taken by specimen (percent of ultimate 

: strength of straight bars) 

Type of steel | Ultimate strength, 
psi \4-in. bar bent around: 3g-in. bar bent around: 

\4-in. bar | 3g-in bar 3g-in. pin ,-in. pin $-in. pin 3g-in. pin 


Mild (MS) 66,000 66,000 100 100 | 100 | 100 
106,000 108,C00 98 96 96 98 
Cold worked (T) 82,000 80,600 100 89 95 


Cold worked (ST) 81,060 73,000 94 98 


The bars were bent through 180 deg around the pin to form U-shaped 
test specimens. It must be noted here that (a) a perfectly symmetrical 
bend was not obtained in all cases, and (b) in none of the specimens was 
there any obvious sign of cracking of the steel at the bend. The strength 
of a specimen was determined by applying a load to the arms, the 
specimen being supported at the bend through a bar of the same diame- 
ter as that of the bend. The general arrangement for testing can be 
seen in Fig. C. 


The specimens after the test are shown in Fig. D(a) and D(b). It will 
be seen that, without exception, the ordinary mild steel specimens frac- 
tured in one of the arms of the specimen, while the cold-worked steel 
specimens fractured at the bends. The specimens of high-tensile steel 
generally fractured at the bends, but in two of them the fracture oc- 
curred within the arms. 


The average values of the loads at fracture for the pairs of specimens 
are given in Table A. These are expressed as the percentage of the com- 
bined strength of the two arms of the specimen as determined from test 
pieces cut from the same reinforcing bar. It will be seen that, with those 
specimens which fractured at the bends, there was generally some re- 
duction in the carrying capacity, due to the bend, but that this reduction 
was never considerable. 


Thus the tests appear to indicate that these high-strength steels do 
not suffer so great a loss of strength at bends that they should be ex- 
eluded from use as stirrup reinforcement. However, no definite con- 
clusions regarding this should be drawn from these tests which were 
only of an exploratory nature. It is also possible that variations in the 
ductility between batches of these steels might give considerably differ- 
ent results from those reported here. 
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HIGH-STRENGTH STEEL 
By A. ZASLAVSKY* 


The paper deals authoritatively with a subject of great practical and 
economical importance, its limitations and future development. 


High-strength steels 


It may be of some interest to mention a few more European types of 
high-strength reinforcement. 

A special type of cold-notched reinforcement steel was developed by 
Avakov in Russia’® and the writer has also carried out tests with steel 
produced by a similar method.'® The plain mild steel bar undergoes 
cold notching in two perpendicular directions in a single rolling process 
(Fig. E). Bars of small diameters can be fed directly from reels and 
coiled again. Cold notching produces deformed bars with a raised yield 
(proof) stress of 52,000 psi and more (depending on the quality of the 
virgin material) with excellent bond properties. At the same time, a 
gain of about 10 percent in length is obtained. Strain hardening takes 
place also in the small intervals between notches but sufficient ductility 
is retained. Another advantage is that (similar to cold-twisted bars, but 
unlike cold-stretched bars) the yield point is equally raised in tension 
as in compression, so that the steel may also be used as compression 
reinforcement. 

A special high-tensile steel developed in Austria is the twin bi-steel 
(Fig. F). The steel consists of two plain round parallel high-strength 
bars of small diameter (14 to *%% in.) 
joined together by welded mild 


steel steps at 3 to 4-in. intervals. OO Ce (a) 


Bond is assumed to be provided by 
these steps, which also control 
cracks. No hooks are required and 
additional anchorage is provided by 
extra length of steel. The permis- 
sible tensile stress may (under cer- 
tain conditions) be as high as 64,000 
psi and the reinforcement ratio as 
low as 0.1 percent. b 
Another steel with a high per- Fig. F—Austrian twin bi-steel 
missible tensile stress (up to 57,000 
psi) is the German Neptun steel" 
having a flat rectangular section we FB 
(Fig. G). The steel is hot rolled, 
ribbed, twisted, and heat treated. Fig. G—German Neptun steel 


Fig. E—Cold-notched reinforcement 


Wd ~ 


*Member American Concrete Institute, Senior Lecturer, Technion — Israel Institute of 
Technology, Haifa, Israel. 
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TABLE B—COEFFICIENTS FOR CALCULATION OF CRACKS AND DEFLEC- 
TIONS BY THE RUSSIAN CODE sexe apply to rectangular beams with tensile 
reinforcement only) 
values forf.,psi 

(Values in parentheses are kg per sk cm) 


17,800 21,400 28.500 35,600 | 42,700 
(1250) 


a= 3un (1500) | (2060) (2500) (3000) 
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Referring to the author’s Fig. 3 for Tor steel, it seems rather coinci- 
dental that the nominal rupture stress should be equal to the yield 
(proof) stress. 


A recent development is the ribbed Tor steel which does not require 
hooks. 


Influence of concrete quality 

While the influence on crack formation is clearly established for 
some of the factors, the influence of the quality of the concrete is only 
briefly mentioned in the paper and it is hoped the author may deal with 
this question in his closure. 

However, on the basis of the author’s paper and other sources'® it 
appears that concrete quality has little influence upon the size of cracks, 
provided, of course, shrinkage is not present. 

As regards the concrete, the writer feels that its plasticity (i.e., ex- 
tensibility) rather than its strength f, (see author’s formula on p. 1245) 
is the decisive property. Preliminary tests performed by the writer seem 
to justify this contention. This does not contradict the statement about 
the strength of the concrete because its extensibility is little affected 
by its strength (as confirmed by Hognestad, Evans, Ros). Assuming 
a (hypothetical) concrete of 0.1 percent strain extensibility and ideal 
bond, the first cracks would appear only after a stress of about 30,000 
psi has developed in the reinforcement — irrespective of the strength 
of the concrete. It may, therefore, be rewarding to produce a highly 
plastic concrete even at the expense of strength, the ultimate bending 
capacity of the beam being practically independent of the strength of 
the concrete. There arise, of course, additional questions of deflections 
and cracks caused by diagonal tension, but it may be expected that 
these would form in a similar manner. 
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Crack and deflection formulas 


It may be noted that the 1955 Russian code also includes formulas 
(developed by Murashev) for the calculation of cracks and deflections.” 

For rectangular beams the (mean) crack width is calculated from 
(author’s notation used): 


o-—ya . 


Here the coefficient y=1 represents the tensile participation of the 
concrete in the spaces between the cracks. 
The crack spacing a is calculated from: 


A, 
a=0.5 Kn Yo 


The 0.5 coefficient applies to deformed bars; for plain round bars the 
coefficient is 1.0. 

n = E,/E. = ratio of the elastic moduli 

Zo =sum of the bar perimeters 

In the case of round bars A,/Zo = } D (D = bar diameter) 
The coefficient K as well as wy depend upon the value a= 3un (u= 
4,/bd = reinforcement ratio) and the wy coefficient depends in addition 
on the steel stress f,. 


Table B (abridged) shows the w and K values for rectangular beams 
with tensile reinforcement only. Places marked (—) indicate that cracks 
do not form. It can be seen that the product Kn in Eq. (2) is not 
influenced much by the E, of the concrete. 

Deflections are calculated with the aid of the (minimum) flexural 
rigidity B given by 
The coefficient C is included in the table. The rigidity B replaces the 
usual value E/ of homogeneous sections. The effect of creep is ac- 
counted for by multiplying dead load with a factor © = 1.5 — 2.5. 

As a numerical example consider a simply supported rectangular 
beam of /=— 15 ft span under a uniformly distributed load w = 750 lb 
per ft. The dimensions of the beam section are: b=4 in.; d= 14 in.; 
and the reinforcement: two deformed round bars of %-in. diameter 
(A, = 2 X 0.31 = 0.62 sq in.; 1 = A,/bd = 0.62/ (4 & 14) ~ 0.0115 = 1.15 
percent). 

The elastic moduli are: E, = 30,000,000 psi and £, = 3,000,000 psi, i-e., 
n= E,/E,=10. The a = 3nn = 3 X 0.0115 & 10 = 0.35. 


The maximum bending moment is: 
M = 3 wl’ = 3 x 750 x 14° = 18,400 in.-lb 


The steel stress can now be calculated from the usual formula: 


M 18,400 ! : 
fs= Gad, = “078 x 14x 0.62 — 27,200 psi 
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jd being the (reduced) arm of the resisting couple; j = 0.78 was found 
in the table for a = 0.35. The other required coefficients, taken from 
the table, are: y — 0.942; K = 3.85; and C = 0.44. From Eq. (2) we now 
calculate the crack spacing: 
a = 0.5 Kn (A,/20) = 0.5 x 3.85 x 10 (2 x 8) = 3.0 in. 

and from Eq (1) the crack width: 

o = p af,/E, = 0.942 « 3.0 « 27,200/30,000,000 ~ 0.0026 in. 
Calculating oma, by the formula given by the author on p. 1247, we ob- 
tain approximately: 


( I. i.) 5 a ( 1100 =—s———s24,200 )" . 
Wma = kD \Gqa le, BE.) = 9-16 8\ i450 0.62 x 8.8 < 30,000,000) = 9.0051 in. 


Since oma, May be larger than » by 50-100 percent the agreement be- 
tween the formulas is satisfactory. 
The flexural rigidity of the beam equals, by Eq. (3): 
B=CE,A, d*/y = 0.44 x 30,000,000 x 0.62 x 14°/0.942 = 170 x 10° lb-in.’ 
Thus the maximum deflection: 
5 wil 5(750/12) « (15 x 12)* 


b= a = $84 C170 x 10" C= 8-5 in. = 1/360 


Assuming the dead load to be 400 lb per ft, the live load 350 lb per ft, 
and 6=2, the deflection will increase to: 
8 = (2 « 400 + 350) /750 = 0.5 « 1.54 = 0.77 in. 
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AUTHOR’S CLOSURE 


Mr. Taylor shows that high-strength steel with a high yield point can 
have good bending properties. A high strength can be attained together 
with a good bending property by suitable metallurgical process, but 
for this bending property to be reliable, it will require additional ex- 
penses. 

Dr. Hajnal-Konyi says that under certain assumptions it can be shown 
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that if the value of the so called “tension reinforcement index” does 
not exceed a certain limit, there is practically no ceiling to the steel 
stress. This underlines what the author says on p. 1242, with the same 
reservations, that if the yield of the reinforcement is the deciding factor 
for failure it is possible to increase the permissible stresses approxi- 
mately in proportion to the yield point, i.e., under the reservations made 
without ceiling. 

Dr. Hajnal-Konyi also adds new facts and presents interesting as- 
pects, particularly with reference to deflection. 

Mr. Zaslavsky wants the influence of the quality of the concrete on 
the crack formation discussed in more detail. The author had the in- 
tention with his article only to mention the most important problems 
arising in the use of high-strength reinforcing bars. As mentioned in 
the article, several of these problems are serious in that there is still 
a lack of experimental research, e.g., regarding the splitting of the con- 
crete along deformed bars or the splitting at bends. The influence of 
concrete quality on crack formation must however be considered a prob- 
lem of secondary order. This is due to two reasons. 

(1) The formula for the crack spacing a,, on p. 1245 includes the ratio 
between the concrete tensile strength and the bond strength between 
the concrete and the steel in question. It is known that the bond strength 
increases with the concrete tensile strength, even if not proportionally. 
In most theories or empirical formulas the ratio is assumed to be a 
constant, indicating that the concrete quality has only a small influence 
on the crack spacing. 

(2) The crack width is dependent mainly on the crack spacing and 
the steel stress. The surrounding concrete will as a secondary effect 
restrain the opening of cracks in some proportion to its quality. The 
effect of shrinkage will on the other hand increase the opening of cracks, 
often in some proportion to the concrete strength, because a high 
strength concrete, if attained through higher cement content, will have 
a higher shrinkage value. These two effects thus are counteracting 
each other, which means that concrete quality will have a small in 
fluence also on the crack width. 

Mr. Zaslavsky means that the extensibility of the concrete rather 
than its strength is a decisive property as regards crack formation. Ac- 
cording to what is said the extensibility must have a small influence. 

The review of the Russian code regarding calculation of cracks and 
deflection is interesting. 
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Discussion of a paper by R. Shalon and M. Raphael: 


Influence of Sea Water on Corrosion of Reinforcement* 


By EDWARD A. ABDUN-NUR, J]. BROCARD, and AUTHORS 
By EDWARD A. ABDUN-NURT 


The authors have made a worthwhile contribution that will be of 
great help in solving or in combatting the detrimental effects of sea 
water on the embedded reinforcement in the concrete. The use of sea 
water in concrete mixes is a problem which many construction jobs 
are having to cope with, due to the lack of fresh water in some of the 
far flung areas in the world, where construction is becoming an im- 
portant factor in the economic developments being carried out. 

In connection with this general subject, it might be pertinent to pre- 
sent some experiences and observations with which the writer is famil- 
iar. A great deal of the gravel and sand used in making concrete for 
buildings along the eastern coastal strip of the Mediterranean comes 
from the sea, and is therefore, on drying, coated with a thin layer of 
the salts found in the sea water in the case of gravel, and has a small 
amount of sea water left in the moist sand. It is generally used without 
any further washing. Fresh water is, however, used in the mixing in 
most instances. The writer has observed concrete made in this manner 
that has been in service for many years, and he has used it in important 
structures. An examination of these structures after they had been 
in service over 20 years disclosed no outer evidence of distress of any 
kind in the concrete itself, or of cracking due to the swelling of cor- 
roded reinforcement. 


The writer would assume that the lack of distress observed under 
such circumstances is probably due to the eventual low concentration 
of the salts in the total mix. Yet, Table 5 indicates that the low salt 
concentrations may at times be more detrimental than higher concen- 
trations. It would be of interest to know whether the authors know of 
similar cases and the explanation they may have for the satisfactory 
behavior of concrete under such circumstances. 


*ACI Journat, V. 30, No. 12, June 1959 (Proceedings V. 55), p. 1251. Disc. 55-76 is a part of 
copyrighted JourRNAL OF THE AMERICAN CONCRETE INSTI UTE, V. 31, No. 6, Part 2, Dec. 1959 
(Proceedings V. 55). 


tMember American Concrete Institute, Consulting Engineer, Denver, Colo. 
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By J. BROCARD* 


The study made by Mesdames Shalon and Raphael was interesting to 
me as we did not make a systematic study on the subject they treated. 
I would like to point out, however, that the French NF-P18-302 Norm 
limits the content of dissolved salts to 15 g per 1 in water to be used 
for mixing concrete for reinforced concrete structures. 

It is really the lack of laboratory studies that led to the arbitrary 
choice of this figure corresponding to a concentration between pure 
water and the average saltiness of the seas that border France. 

In this sense, the initiative of the authors is interesting because it is 
research of this kind that will enable the drawing up of more exact 
“Normes et de Cahiers des Charges’ (Norms and Conditions). 

I noted particularly the notion of pH inhibition and variations due 
to the concentration of dissolved salts in water. In this regard I believe 
that the results of Fig. 1 correspond to concentrations much greater 
than normal. 

The study shows in a significant manner the influence of aeration on 
corrosion of reinforcement and, thereby, the importance of the con- 
crete’s denseness and the thickness of the covering over reinforcement 
— which are primary factors. 


AUTHORS’ CLOSURE 


The authors are gratified by the interest shown by Messrs. Abdun-Nur 
and Brocard and wish to thank them for their valuable comments. 

In reply to Mr. Abdun-Nur’s remarks it may be said that in this 
country no sea gravel is being used for concrete. Sea sand has, as a 
rule, been taken from the shore at a distance from the sea where the 
salts had been washed away by the rain. Lately, however, sand taken 
directly from the sea has come into use. The authors have also been 
perturbed by the possibility of the salt left in the sand promoting cor- 
rosion and have therefore carried out tests on a number of fine coarse 
sea sand specimens to determine the amount of salts retained. 

In all specimens, the chlorine content proved to be low, varying be- 
tween the limits of 0.004 to 0.06 percent Cl or 0.07 to 0.10 percent calcu- 
lated as NaCl. This would correspond to some 0.03-0.4 percent sodium- 
chloride in the mixing water. Such quantities of salt hardly reduce the 
pH value and have practically no influence upon the corrosion of re- 
inforcement. 

In concrete made with both sea sand and sea gravel the total amount 
of salt is greater, though the gravel contains, pound for pound, less salt 


*Laboratoires du Batiment et des Travaux Publics, Paris, France. 

+Brocard, J., “Corrosion of Steels in Reinforced Concrete,” Annales, Institut Technique du 
Batiment et des Travaux Publics (Paris), Concrete and Reinforced Concrete Series No. 47, 
June 1958 (in French). 
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than the sand, because of its relatively small surface. However, in dense 
concrete, in which carbonation may be assumed to reach only a few 
millimeters, the pH value of tthe layer enveloping the reinforcement, 
though somewhat reduced by {the salt (see Fig. 1), should remain high 
enough for inhibition of corrofion. This was probably the case in the 
structures mentioned by Mr. Abdun-Nur. 

It should, however, also be {pointed out that the fact that “no outer 
evidence of distress was discl@sed” does not necessarily imply that no 
corrosion of reinforcement has taken place. No such evidence would 
become visible if the rust was of the “general” type, similar to that 
which developed in the 1:8 mortar specimens investigated by the authors 
(Fig. 3). 

The authors are in full agreement with Mr. Brocard as regards the 
importance of the density of concrete. As to the depth of covering, how- 
ever, its significance seems to be limited to cases where the density is 
insufficient. Tests show clearly that when the concrete or mortar around 
the reinforcing steel is sufficiently dense, even a thin cover is enough 
to protect the reinforcement.’ It is, nevertheless, admitted that under 
ordinary conditions of work when good compaction of the concrete 
cannot be ensured, it is good practice to specify a sufficient depth of 
covering to reduce the danger of damage to the reinforcement. 

Similarly, in the light of results obtained in the investigation con- 
ducted by the authors, it appears that the limitation of salt content in 
the mixing water to 1.5 percent, provided by the French standards NF- 
P18-302, is not sufficient. In air exposed concretes of imperfect density, 
the penetrating air would both reduce the pH and increase the supply 
of oxygen, producing conditions under which 1.5 percent of salt may 
well be within the most undesirable range of salt concentration (see 
Table 5). 

The remark of Mr. Brocard concerning the results shown in Fig. 1 
is not clear, as the effect of the normal range of salts concentration upon 
pH values is included in the curves presented. 
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Discussion of a paper by Bruno Thurlimann: 


Fatigue and Static Strength of Stud Shear Connectors* 


By |. M. VIEST and AUTHOR 
By I. M. VIESTT 


A review of the literature pertaining to composite concrete and steel 
beams shows that a large number of different types of shear connectors 
has been proposed and used over the past 40 years. However, until pub- 
lication of the 1957 Standard Specifications for Highway Bridges of the 
American Association of State Highway Officials no generally accepted 
design procedure was available in this country for the design of shear 
connectors. The 1957 AASHO specifications corrected this situation 
through incorporation of design formulas for three most commonly used 
connectors: channels, spirals, and studs. The formulas were derived 
from experimental data evaluating the three types of connectors on a 
comparable basis.® 

Professor Thirlimann chose to disregard this comparable approach 
and, on the basis of rather limited experimental evidence, proposed new 
formulas for the design of the L-shaped '2-in. stud connectors. The pur- 
pose of this discussion is to compare the static test data presented by 
Professor Thirlimann with the results of other tests and to raise a ques- 
tion concerning the interpretation of the results of the fatigue tests. 


Static tests 


Prior to the tests reported by the author, static tests of stud shear 
connectors were made with 22 push-out specimens*® and with 26 plate- 
reinforced concrete beams.'! The push-out specimens were similar to 
those employed by the author, the major difference being the preven- 
tion of the formation of bond between the slabs and the steel beams, 
casting of slabs in horizontal position, location of all connectors at one 
cross section of the steel beam, and virtual absence of slab reinforce- 
ment. Furthermore, all of the earlier tested studs were straight with an 
enlarged head, and their welding ends were fluxed with granular flux. 
The plate-reinforced concrete beams were made of a hot rolled steel 
plate 4 in. thick, connected by stud connectors to 6 or 9 in. of concrete 
cast on top of the plate. Except in the negative moment regions of re- 


*ACI Zeunnes. V. 30, No. 12, June 1959 (Proceedings V. 55), p. a" Disc. 55-78 is a part of 
copyrighted JOURNAL OF THE AMERICAN CONCRETE INSTITUTE, Vv. 31, No. 6, Part 2, Dec. 1959 
(Proceedings V. 55). 


one American Concrete Institute, Bridge Research Engineer, AASHO Road Test, 
ttawa, 1. 
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Fig. A—Load-slip curves for Y2-in. diameter studs 


strained beams, the concrete was unreinforced. No provision was made 
to prevent the formation of the natural bond between the concrete and 
the steel plate. 


Two of the push-out specimens made with '2-in. diameter studs and 
four made with »4-in. diameter studs may be compared directly with 
author’s specimens tested with static loads. The dimensions of the studs 
and the properties of the materials are listed in Table A for all com- 
parable specimens. Furthermore, the data on the yield strengths given 
in Reference 1 and the typical stress-strain relationship in Reference 2 
indicate that the stud steel used in the two investigations had similar 
mechanical characteristics. 


The load-slip characteristics of the specimens with '-in. diameter 
studs are compared in Fig. A and the residual slip data are presented 
in Fig. B. The only difference between the author’s and the earlier 
tests can be noted in the central portion of the load-slip curve of Speci- 
men 3. The reason for this difference is unknown; however, the shape 
of the full load-slip curve for Specimen 3 presented in Fig. 12 suggests 
the possibility of accidental overloading prior to the conduct of the test.* 


*In the writer’s opinion, the comparison with the load-slip curve for the bridge test (Fig. 12) 
is not valid since the slips in the bridge test were retarded by the heavier connection on 
the adjacent beam (see Fig. 8 in Reference 1). 
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TABLE A—PROPERTIES OF PUSH-OUT SPECIMENS 


Stud dimensions 
Strength of Concrete 
Specimen Diameter Length stud steel strength 
No. d, in. H, in. f.’, psi f.’, psi 


2 ; 3.50 70,250* 5080 
3 F 3.50 70,250* 5080 
4A2 A 4.00 70,700 3840 
4B2 } 4.00 70,800 4390 


1 , 4.00 70,850* 5080 
6A2 , . 69,900 3870 
6B2 3 y 70,400 4240 
6A4 p . 67,700 3360 
6B4 ; 69,300 3260 


*Average values from Reference 1 


Parallel comparisons for specimens with +%-in. diameter studs are 
presented in Fig. C and D. It will be noted that, although the shapes 
of the curves for all specimens are similar, the data for Specimen 1 fall 
consistently below those for the other specimens in spite of the approxi- 
mately 20 percent higher concrete strength. This difference is particu- 
larly marked for residual strain curves. Although again no explanation 
of the differences is available in the test data, a number of causes can 
be suggested, such as collection of water under the studs due to vertical 
casting position, imperfect compaction of concrete around the studs, or 
imperfect welds, all of which may be considered an experimental error. 

In the earlier tests of push-out specimens, the useful capacity of stud 
connectors was evaluated on the basis of the residual slip curves. For 
specimens with marked change in the rate of residual slip increase, the 
useful capacity was taken as the load corresponding to this change; for 
specimens with gradual change in the rate of residual slip increase, the 
useful capacity was taken as the load corresponding to the residual slip 
of 0.003 in. In the tests of plate-reinforced beams, the useful capacity 
of stud connectors was selected as that at which there was an abrupt 
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Fig. D—Residual slip curves for 34-in. diameter studs 
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Fig. E—Critical capacity of 
stud shear connectors 
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change in the rate of slip. The loads considered as the useful capacity 
of the stud connectors and designated as critical loads are given in Refer- 
ences 2, 10, and 11 for 15 push-out tests and 11 plate-reinforced beam 
tests. The data cover stud diameters ranging from 0.5 to 1.25 in. 

The critical load for author’s Specimens 1, 2, and 3 determined in the 
same manner as for the earlier push-out tests are indicated in Fig. B 
and D by cross marks. It will be noted that all three determinations are 
based on the change in the rate of residual stress increase; had the loads 
been determined on the basis of 0.003 in. residual slip, the values for all 
three specimens would have been somewhat lower. The critical loads 
are as follows: 

Specimen 1: Q., = 9.8 kips 
Specimen 2: Q.,+ = 7.0 kips 
Specimen 3: Q., = 6.9 kips 


All 39 critical loads are presented in the dimensionless plot in Fig. E. 
It will be noted that the test data form a well defined band. The only 
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exception to the general trend is the author’s Specimen 3 (circle at 
H/d=5.33) with %%-in. diameter studs. The data for L-shaped '%-in. 
diameter connectors fall within the band. 


Fatigue tests 


The author presented direct comparisons between the fatigue strength 
of Specimens 4 and 7 ('2-in. diameter stud connectors) with that of 
Specimens 9 and 10 (34-in. diameter stud connectors) on the basis of the 
average shearing stress per stud. Noting that on this basis Specimen 4 
was stronger than Specimen 9 and Specimen 7 was stronger than Speci- 
men 10, the author reasoned that the higher fatigue strength of the 
',-in. diameter stud connectors was caused by the smaller diameter and 
the differences in shape (L versus straight). To check on this tacit as- 
sumption of the differences in the fatigue strength, the writer prepared 
the plot shown in Fig. F including data for all author’s specimens ex- 
cept for Specimen 8 tested with incremental loading. Judging on the 
basis of Fig. F, it appears to this writer that the differences quoted 
by the author may have been just as easily the result of the natural 
scatter in the test data as the result of the differences in the character- 
istics of the two types of connectors. 


AASHO specifications 


The AASHO specifications include two formulas for the design of 
stud connectors. These formulas represent a straight-line approximation 
of the curve shown in Fig. E. To obtain the working load for a stud 
connector, the formulas are divided by a factor of safety (FS), the value 
of which varies ordinarily~between 3.0 and 4.0. Thus the maximum 
working load may be computed approximately with FS = 3.0; the cor- 
responding average shearing stress for the specimens tested is shown 
in Fig. F. It can be seen that in the particular cases considered, the 
AASHO design procedure would have provided an ample safety against 
fatigue failure of both types of connectors. 


Concluding remarks 

The comparisons in Figs. A, B, and E show no substantial differences 
between the characteristics of the L-shaped connectors tested by Pro- 
fessor Thurlimann and the earlier tests of straight connectors. Thus 
there appears to be no reason for the use of different design procedures 
for the two types of connectors. The procedure given in the current 
AASHO specifications applies equally well to both types. 

However, it is possible that Professor Thurlimann proposed the new 
procedure for the design of L-shaped stud connectors because of dis- 
agreement with the basic design philosophy on which the current pro- 
cedures are based rather than because of some differences in the be- 
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havior of the two types of connectors. If this is the case, the writer 
would appreciate an elucidation of the basic principles involved in the 
formulas proposed by the author. 


REFERENCES 
10. Viest, I. M., “Tests of Stud Shear Connectors: Parts III and IV,” Engineer- 
ing Test Data, Nelson Stud Welding, Lorain, Ohio. 
11. Casillas G. de L., J.; Khachaturian, N.; and Siess, C. P., “Studies of Rein- 
forced Concrete Beams and Slabs Reinforced with Steel Plates,” Civil Engineer- 
ing Studies, Structural Research Series No. 134, University of Illinois, Apr. 1957. 


AUTHOR’S CLOSURE 


Dr. Viest has compared the results of the static push-out tests with 
results of similar tests made by him. The author would like to add three 
additional tests conducted independently by Mr. I. A. Benjamin of the 
Granco Steel Products Co., St. Louis. Table B, supplementing Table A, 
lists the properties of the specimens. Each contained only two straight 
studs of 3/4 in. diameter, 4 in. high with upset head, one on each side of 
the beam. They were welded manually to the beam, but care was taken 
to obtain a weld substantially equal to one produced by the stud weld- 
ing process. Specimen 1B failed by shearing of one stud, the other two 
specimens by diagonal tensile cracks in the concrete and yielding of 
the studs. The results are shown in Fig. G and H, complementing Fig. 
C and D. It appears that neither Mr. Benjamin nor the author were able 
to reproduce the results obtained by Dr. Viest. In consideration of these 
additional results, Dr. Viest’s suggested explanations concerning the 
results obtained on Specimen 1 with the 3/4 in. diameter straight studs 
are not substantiated. The author would like to point out once more 
that the speed of testing has considerable influence on the slip. In his 
static tests, readings were taken only after a waiting period to let load 
and slip stabilize. 


Fig. I adds to Fig. E the results from Mr. Benjamin’s tests. Again the 
author’s test on Specimen 1 averages the other tests on 3/4 in. studs. 
In connection with this figure it should be mentioned that Dr. Viest 
has arbitrarily selected H as the length of the % in. diameter L-studs. 


TABLE B—PROPERTIES OF PUSH-OUT SPECIMENS 


Stud dimensions 





i Strength of Concrete 
Specimen Diameter Length stud steel strength 
No. d, in. H, in. f.’, psi f.’, psi 


8A 0.75 4.00 100,000 4200 
1B 0.75 4.00 100,000 3650 
2B 07 | 400 | 100000 [| 3050 
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Fig. G—Load-slip curves for 3/, in. diameter studs 


Ordinarily he uses H as the height of studs. If the actual height of the 
L-studs, equal to 2.25 in. is used, the open circles at H/d = 7 in Fig. I 
and E, respectively, would plot at H/d = 4.5. 

In summary, there exists no major discrepancy as far as the % in. 
diameter studs are concerned. Nevertheless, it should be pointed out 
that the % in. L-studs of 2.25 in. height showed a better performance 
than the % in. straight studs, 4 in. high, with upset head, tested by Dr. 
Viest. A disturbing discrepancy exists for the % in. straight studs with 
upset heads. 

With regard to the fatigue tests, Dr. Viest disposes of the differences 
between the performance of the % in. L-studs and % in. straight studs 
by explaining the discrepancy as natural scatter. The author agrees 
that the results show considerable scatter which is, however, by no means 
unusual in fatigue testing of structural components. Nevertheless, the 
fact stands that for the two stress levels at which both types were test- 
ed the % in. L-studs showed a longer fatigue life as may be seen from 
Fig. F. In addition, this figure shows clearly that the AASHO speci- 
fications which are based on Dr. Viest’s studies lead to extremely con- 
servative values as far as fatigue is concerned. Furthermore, Dr. Viest 
has arbitrarily taken a factor of safety (FS) = 3. The AASHO specifi- 
cations recommend the value 4 in lieu of computing the factor by a 
given formula. For most designs the AASHO-line would, therefore, be 
rather at an average stress of 7.5 ksi, leading to an even greater un- 
necessary safety against fatigue. 
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Fig. H—Residual slip curves for 34 in. diameter studs 


Finally the author would like to answer the discusser’s question con- 
cerning a possible disagreement with regard to the discusser’s basic de- 
sign philosophy of composite beams. It may be well to recapitulate the 
four assumptions made by Dr. Viest: 

1. He proposes “to select a factor of safety for the design of shear con- 


nectors capable of guaranteeing composite action up to the full flexural 
capacity” (Reference 9, p. 10). 


2. “The useful load capacity Q.- must be equal to the load acting on a 
shear connector at ultimate load.” (Reference 9, p. 10). 


3. “The useful load capacity is the load at which either the steel of the 
connectors begins to yield or the inelastic deformations of the concrete 
begin to increase rapidly.” (Reference 9, p. 8). 

4. The force acting on a shear connector at ultimate load is given by 
the elastic formula (Reference 9, Eq. (6b): 

Vim 
eC. = I p (1) 


« == transverse shear at ultimate load 

m == statical moment of the transformed concrete section 
I == moment of inertia of the composite section 

p == spacing of connectors 


The author is in full agreement with Point 1. However, the other three 
points are by no means as settled as Dr. Viest may think. Firstly, Eq. (1) 
is an elastically derived formula which he applies without hesitation to 
an ultimate load condition. It will be shown that such a mixture does 
not even lead to equilibrium. Fig. J shows a simply supported composite 
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Fig. |—Critical capacity of 
stud shear connectors 
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beam of constant cross section under arbitrary loading. The ultimate 
moment M, has just been reached at Section S-S, a distance a from the 
left end. Under this situation the bending stress distribution at S-S is 
illustrated in Fig. J with a fully yielded steel beam in tension and a 
rectangular compressive block in the concrete. The resulting compres- 
sive force in the concrete is 


C= M./d (2) 


where d is the distance between the compression and tension resultants. 
Considering now the slab to the left of S-S as a free body, it must be in 


equilibrium under this compressive force C and the shear transmitted 
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by the connectors. Using the elastic formula on which Eq. (1) is based 
it follows 


S.= vm (3) 


with S, =shear flow per unit length at ultimate 
load, using elastic formula 
The resulting force opposing C is 


a 


ce 
| S.dx = = V.dx = me (4) 


To have equilibrium, the above resultant should obviously equal the 
compressive force C. However, this is not the case such that 


(a 
| Sdx—C= mM. _ M.« <0 
| I d 


The ratio 
md 


= (6) 
I 


is a direct measure of the unbalance of forces. It is always considerably 
below unity. Table C lists a few specific values showing that the appli- 
cation of the elastic Eq. (1) used by Dr. Viest to calculate the shear con- 
nector forces at ultimate load underestimates the total horizontal shear 
by as much as 33 percent. Furthermore, the ratio md// is not constant 
such that the situation can not be saved by the application of a correc- 
tion factor. The least that must be required from a design procedure 
is that it leads to equilibrium. Obviously Dr. Viest’s procedure does 
not fulfill this fundamental requirement. 


Concerning Assumptions 2 and 3 it should be realized that Dr. Viest 
proposes to maintain the shear connection in essentially an elastic state 
at a point where bending has fully plastified part of the steel beam and 
the concrete of the slab is at the instant of crushing. To the author’s 
knowledge, Dr. Viest has never presented any experimental nor theoreti- 
cal evidence for these assumptions. The single beam test, B21W, of Ref- 
erence 12 with a weak shear connection can certainly not be taken as 
sufficient substantiation. It is the author’s opinion that the arbitrary 


TABLE C—EXAMPLES OF md // RATIOS 


| Lehigh? 
Specimen | B24W* | B24S* B21S* | B2lW* | Bridget | tests 
— md/I 0.72 7 073 =| «(0.73 








*From Reference 12. 
' From Reference 1. 
t Recent tests at Fritz Engineering Laboratory, Lehigh University. 
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selection of the useful load capacity of shear connectors together with 
the assumption that it should not be exceeded at ultimate load leads to 
a substantial overdesign of the shear connection. The performance of 
the beam is not improved at all as an overdesigned shear connection 
will not result in a higher bending strength. 

Recently the Joint ACI-ASCE Committee on Composite Construction 
of which Dr. Viest is chairman, reviewed the situation concerning the 
design of shear connectors. The following passage is quoted from the 
paper “Development of Tentative Design Recommendations for Design 
of Composite Beams and Girders in Buildings,” presented by Mr. P. Page 
at the ASCE Convention, 1959, in Washington, D. C.: 

The committee chose the useful capacities given in the AASHO specifica- 
tions as the basis for determining the recommended allowable load form- 
ulas for various connectors. However, in using the values of useful loads 
the committee realizes their conservative nature particularly in relation 
to design for static loading, and is therefore considering the use of a 10 to 
20 percent lower factor of safety than 2.4. More research is needed and the 
committee intends reviewing this factor of safety with an eye towards 
further downward revision if indicated by tests. 

The author feels satisfied that a revision of the entire design of shear 
connectors is considered. Such a study together with appropriate tests 
is presently in progress. 
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Dise- Bryant Mather and Author Part 
2 Sept. 1959 .. 


Failure 
Criteria of, verified (55-20) Sept. 1958 
Mechanism of—Test program (55-20) 
Sept. 1958 i indoles. una he ¥ 


321 





INDEX—Proceedings 


Falconer, Bruce H.—Disc. Shear, diago- 
nal tension, and anchorage in beams 
55-45) June 1959 . 

Fatigue—aAir- -entrained concrete (55-70 
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N. Cernica Aug. 1958 

Fatigue strength—Plain concrete—Affect- 
ed by range of stress 55-12) Aug. 1958 

Fatigue study of air-entrained concrete 
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Reinforced beams (55-14) Aug. 1958 

Ferguson, Phil. M.—Disc. Shear strength 
of lightweight reinforced concrete 
beams (55-24) Mar. 1959 

Ferrosilicon— Used in suspension in heavy 
media separation plant (55-7) July 1958 
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Ice removal agents — Effects on slag ce- 
ment concrete (55-CB) Aug. 1958 .... 

Illinois aggregate — Effect on expansion 
and cracking of concrete (55-56) 


1959 
mitnets Toll erty control of 
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Impact loading 
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~Column requirements (55-21) Sept. 1958 
-Deflection problem solved by prestress- 
ing (55-21) Sept. 1958 
-Framing schemes 
Sept. 

-Inverted ~s dropped beams used 
(55-21) Sept. 

_Sronvemmat—-Cont compared with con- 
ventional construction (55-21 Sept. 


1958 

Shearing strength (55-32) Oct. 1958 . 
~Watertight — aa or mem- 
brane (55-21) oat 958 
Lifting collars (55-21) Sept. 1958 . 
Lightweight aggregates 

xpanded blast furnace slag (55-40) 
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Use in concrete beams tested in shear 
55-24) Sept. 1958 ei ; 
Use in structural concrete—Proposed 
recommended practice for proportion- 
i ST CE, BOD cincvpcceessbeaees 
Lightweight concrete 
Bridge deck (55-44) Dec. 1958 .. 
Expanded blast furnace slag aggregate 
55-40) Nov. 1958 
Expanded shale — Proportioning» and 
control (55-44) Dec. 1958 . 
Lightweight concrete deck for Tappan 
Zee Bridge main spans (55-44) W. G 
Mullen Dec. 1958 
Lightweight concrete made with expand- 
ed blast furnace slag (55-40) D. W 
Lewis Nov. 1958 , rae 
Lightweight structural concrete 
Proportioning—Proposed recommended 
=. 55-18) Sept. 1958 ; 
Shear strength (55-24) Sept. 1958 . 
Lin, T. Y.—Shearing strength of pre- 
stressed lift slabs (55-32) Oct. 1958 
Lindsay, J. D—Disc. Design of concrete 
overlays for pavements (55-19) Mar 
BEE ota Bra aces # dace Uk eens th ccc sata 
Linear traverse method—Optical meas- 
urement of air voids in hardened con- 
crete (55-33) Oct. 1958 .... 
Load factors (55-36 
International Council for Building Re- 
search, Eduardo Torroja Nov. 1958 
Disc. Theodore F. Collier, Max Herzog, 
Emilio Rosenblueth, and Eduardo Tor- 
roja June 1959 .. : apa us 
Load factors 
Development of (55-36) Nov. 1958 
Numerical values for reinforced con- 
crete (55-36) Nov. 1958 .. - 
Load test 
Bridge girder—Full scale (55-8) July 
1958 


SEE for—Full scale (55-8 

July 1958 
Load test of 120-ft precast, 

-bridge girder (55-8) 

-Fazlur R. Khan and Andrew J. Brown 

July 1958 ... ‘ 

-Dise. M. Schupack Mar. 1959 . 

Load test on flat slab floor with embed- 
ded steel grillage caps (55-6) Donald 
D. Meisel, Cyril D. Jensen, and Walter 
H. Wheeler July 1958 .. 

Load test procedure—Flat slab with em- 
bedded grillage caps 55-6) July 1958 

Load transfer devices-——Pavement—Rec- 
ommended practice (355-2) July 1958 

Longitudinal forces — Effect on portal 
frame supporting highway bridge deck 
—Analysis (55-55) Feb. 1959 

Lorenzen, Edwin N.—Particle ‘shape of 
fine aggregate affects water reuire- 
ments for mortars (55-CB) Nov. 1958 

Lougborough, M. T. — Waterstovs for 
joints in concrete (55-77) June 1959 


M 


Mac Kenzie, Il. D.—Heavy media process- 
ing of gravels in New Brunswick (55- 
i 7 | Bl RR ee eee 

Macklin, Charles — Disc. Pressures on 
formwork (55-10) June 1959 ..... 

Magnesia — Related to expansion and 
cracking of field concrete made with 
Kansas sand-gravel aggregate (55-56 
avs ha wou cb cowadicds Valter 

Magnetite—Used in suspension in heavy 
media separation plant (55-7) July 1958 

Makareiz, J.—Disc. Design and construc- 
tion of a modern parking garage (55- 
63) Part 2 Sept. 1959 

Malinowski, Roman—Disc. Specific sur- 


prestressed 


face of aggregates applied to mix pro- 

portioning (55-58) Part 2 Sept. 1959 
Masonry walls—Joint reinforcement (55- 

P&P) Aug. 1958 
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Part 2 Dec 


Mass concrete—Curing requirements (55- 
9: Aug. 1958 : cat +1 

Mather, Bryant 
Disc. Control of concrete mixes (55-61 
Part 2 Sept. 1959 ie awk 
Disc. Expansion and cracking studied 
in relation to aggregate and the mag- 
nesia and alkali content of cement (55- 
56) Part 2 Sept. 1959 ... 

Mathey, R. G.—Strains in beams havi: 1g 
diagonal cracks (55-46) Dec. 1958 
Mavis, F. T.—Further tests of dynami- 
cally loaded beams (55-74) May 1959 .. 
May, H. R.—Shearing strength of pre- 
stressed lift slabs (55-32) Oct. 1958 . 
McCall, John T.—Probability of fatigue 
— of plain concrete (55-13) Aug. 
ER OS EE eee 
McDonald, Alex—Disc. Effects of longitu- 
dinal forces on portal frame support- 
ing a highway bridge deck (55-55) Part 

2 Sept. 1959 . 

McHenry, Douglas—Dynamics and statics 
in concrete industry progress (55-64) 
| a Rabe Sere ree 

McKee, K. E.—Disc. Blast resistance of 
reinforced concrete beams influenced 
by grade of steel (55-60) Part 2 Sept. 
Ree Raa bila hale eats Ga 

McLaughlin, John F. 

Fatigue study of air-entrained concrete 
(55-70) May 1959 

Disc. Flexural and compressive strength 
of concrete as affected by the proper- 
ties of coarse aggregates (55-72) Part 2 
Dec. 1959 . , : 

Meisel, Donald D.—Load test of flat slab 
floor with embedded steel grillage caps 
55-6) July 1958 . : 

Mica 
Effect on properties of aggregate (55- 
th Cn CD wo sus 6CREhy wand erewadan ts 
Influence as component of concrete 
aggregate (55-P&P) Nov. 1958 

Mielenz, Richard C.—Origin, evolution 
and effects of the air void system in 
concrete 
Part 1—Entrained air in unhardened 
concrete (55-5) July 1958 . 

Part 2—Influence of type and amount 
of air-entraining agent (55-16 Aug. 
RR Pa aa 

Part 3—Influence of water- cement ratio 
and compaction (55-22) Sept. 1958 
Part 4—The air void svstem in job con- 
crete (55-33) Oct. 1958 

Minimum standard we. ARS for pre- 
cast concrete floor and roof units ‘ACI 
711-58) (54-4) 

Committee 711 July 1958 . 
Disc. A. C. Grafflin, Angel 
and Committee June 1959 

Mix proportioning—Specific surface of 
aggregate as basis (55-58) Feb. 1959. 

Mixers—Minimum reauirements—Recom- 
mended practice (55-35) Nov. 1958 .... 

Mixing 
Pavement concrete (55-3) July 1958 . 
Recommended practice (55-35 Nov. 
1958 . Pnks thy csnayes Wadead f 

Mixing time—Recommended practice (55- 
35) Nov. 1958 . 

Medulus of elasticity—In direct tension 
sion compared with flexure (55-43 
Ne aa er Ser le 

Moisture 
Influence on creep and eortercen of 


Herrera, 


mortar (55-38) Nov. 1958 .............. 
Requirements during curing 55-9 
PS PE PR SS oe rere Perec 
Moment and shear redistribution in two- 
span continuous reinforced concrete 
beams (55-37) 


George C. Ernst Nov. 1958............ 
Disc. Milik Tichy and Author June 1959 
Moment distribution—Applied to portal 
frame support for highway bridge deck 
55-55) Feb. 1959 
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Moment redistribution 
beams (55-37) Nov. 1958 
Moment transfer—Joints between 
umns and slabs (55-P&P) Jan. 1959 
Montgomery, M. R.--Disc. Pressures 
formwork (55-10) June 1959 .- 
Mortar 
Cracking, creep, and shrinkage (55-38 
Nov. 1958 . 
Creep—Influence of cement of compo- 
sition (55-62) Mar. 
Drying shrinkage affected by 
gregate (55-79) June 1959 
Effect of water-cement ratio 
havior (55-38) Nov. 1958 . 
pH value measured (55-76 June 1959 
Ultimate tensile strength related to 
distribution of stress (55-43) Dec. 1948 
Water requirement affected by particle 
oe of fine aggregate (55-CB) Nov. 


Continuous 
col- 


on 


fine ‘ag- 


on be- 


Moulton, W. E—Disc Proposed recom- 
mended practice for selecting propor- 
tions for structural lightweight con- 
erete (55-18) Mar. 1959 . 

Mullen, W. G. — Lightweight concrete 
deck for Tappan Zee Bridge main 
spans (55-44) Dec. 1958 : 

Murdock, John W.—Effect of range of 
stress on fatigue strength of plain con- 
crete beams (55-12) Aug. 1958 ae 

Murray, John J.—Disc. Prestressed pave- 
ment—A world view of its status (55- 
53| Part 2 Sept. 1959 ‘ 


N 


Nettletor, Douglas A.—Disc. Effects of 
longitudinal forces on portal frame 
supporting a highway bridge deck (55- 
55) Part 2 Sept. 1959 . 

Neville, A. M. 

Role of cement in the creep of mortar 
55-62) Mar. 1959 .. ‘ 

Dise. Shear, diagonal tension, and an- 
chorage in beams (55-45) June 1959... 
Disc. Strains in beams having ange 
nal cracks (55-46) June 1959 ..... 

Nichols’ expression—Static moment in 
flat slab (55-CB) Jan. 1959 

~ design without inspection 
ug. " ge 

Nordby, Gene M. 

Fatigue of concrete—A 
search (55-11) Aug. 1958 
Disc. Flexural bond tests 
sioned prestressed beams 
2 Sept. 1959 . : 

Northern Illinois Toll ‘Highway—Quality 
control of concrete (55-61) Mar. 1959 


O 


stories 


55-CB 


review of re- 


of preten- 
55-51) Part 


Office building—22 55-30) Oct 
1958 

Okada, Kiyoshi—Disc. Role of cement in 
the creep of mortar (55-62) Part 2 Sept. 


Origir, evolution, and effects of the air 
void system in concrete 
Part 1—Entrained air in unhardened 
concrete (55-5) Richard C. Mielenz, 
Viadimir E. Wolkodoff. James E. Back- 
strom, and Harry L. Flack July 1958.. 
Part 2—Influence of type and amount 
of air-entraining agent (55-16) James 
E. Packstrom, Richard W. Burrows, 
Richard G. Mielenz, and Vladimir E. 
Wolkodoff Aug. 195: 
Part 3—Influence of water-cement ra- 
tio and compaction (55-22) James E. 
Backstrom, Richard W. Burrows, Rich- 
ard C. Mielenz, and Viadimir E. Wolk- 
odoff Sept. 1958 .. : 
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Part 4—The air void system in job con- 
crete (55-33) Richard C. Mielenz, Viad- 
imir E. Wolkodoff, James E. Back- 
strom, and Richard W. Burrows Oct. 
1958 
Disc Levi S. Brown, M. Spindel, 
Warris, and Authors June 1959 
Overlays—-Pavement—Design considera- 
tions (55-19) Sept. 1958 ...... 
Ozell, A. M.—Disc. Behavior of one- -story 
re.nforced concrete shear walls con- 
taining openings (55-39) June 1959 


P 


curing 


Bir ger 


Paper—Use in concrete 55-9 
Aug. 1858 ..... 

Parking garage—Design and construction 
55-63) Mar. 1959 .... 

Parme, A. L.—Disc. Cylindrical shell an- 
alysis simplified by beam method (55- 
71) Part 2 Dec. 1959 

Particle shape of fine aggregate affects 
water requirements for mortars (55- 
CB) Edwin N. Lorenzen Nov. 1958 . 

Pavements 
Airport--Recommended design eneves 
55-2) July 1958 
Eonded resurfacing (55-19) Sept. 1958. 
Concrete properties and allowable 
stresses—-Recommended practice (55-2 
July 1958 ... 
Concrete proportions 
(55-3) July 1958 
Continuously reinforced— Review 
42) Dec. 1958 
Design— Recommended — practice 
July 1958 .. 

Forms (55-3 ‘July 1958 
Highway—Recommended design’ prac- 
tice (55-2) July 1958 .. 

Iniluence of subgrade ‘in 
design (55-19) Sept. 1958 
Joints—-Recommended practice 


July 1958 . . 
Joint installation (55-3 July 1958 
Load transfer devices—Recommended 
practice (55-2) July 1958 

Materials specifications and testing (55- 
3) July 195 
oaktan 
1958 
Placing, 
1958 


and properties 


55- 


(55-2 


resurfacing 


55-2 


55-3 
55-3 


July 


Sees. curing July 
Prestressed— “World survey of status in 
1958 (55-53) Feb. 1959 
Reinforcement—Recommended practice 
55-2) July 1958 
Resurfacing—Design considerations 
19) Sept. 1958 
Slab design — Recommended practice 
55-2) July 1958 ‘ 
Soil and subbase preparation 
July 1958 ‘ 
Specifications (55-3) July 1958 
Subgrades and subbases—Recommend- 
ed practice (55-2) July 1958 .. 
Widening combined with 
55-19) Sept. 1958 

Paving — ightweight concrete 
deck (55-44) Dec. 1958 

Peniclase—Hydration influences cracking 
and expansion of concrete (55-56) Feb. 


55- 
(55-3) 


resurfacing 


bridge 


1959 

Phillips, Orley O.—Disc. Design of sym- 
metrical columns with small eccentrici- 
ties in one or two directions (55-17 
Mar. 1959 

Pickett, Gerald—Disc. Influence lines for 
pressure distribution urder a finite 
beam on elastic foundation 55-47 
June 1959 

Pipe—Chemical waste effect on sulfates 
—Attack on pipe (55-P&P) Jan. 1959. 

Piper, James D.— Russian progress in 
concrete technology (55-65) Apr. 1959.. 

Pister, K. S.—Strength of concrete under 
combined stresses (55-20) Sept. 1958.. 
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Placing 
Pavement concrete (55-3) July 1958. 
Pumped concrete—Problems of space 
limitations within 50 ft diameter steel 
chamber (55-73) May 1959 ..... 
Rate of depth, and procedures Effect 
on form pressure (55-10) Aug. 1958 . 
ee practice (55-35) Nov. 


y method—Admixtures for con- 
trol (55-54) Feb. 
Plain concrete 
“_ thnentee review 
1958 


Plastic gma test specimens (55- 
43) Dec. 195 

Plastic th lee EEE beams be- 
ing tested for moment and shear re- 
distribution (55-37) Nov. 1958 ......... 

Plastic shrinkage cracking — Phoenix, 
Ariz., parking garage (55-63) Mar. 1959 

Point count method—Optical measure- 
ment of air voids in hardened con- 
erete (55-33) Oct. 1966 .........ccecees 

Polivka, J. J.—Disc. Concrete space struc- 
tures—Reation between form and 
mary design (55-48) Part 2 Sept. 

Polyvinyl chloride 

~Waterstops — Properties 
1959 


55-77 
~Waterstops — Tests and specification 
rere eee 
Pore water pressure — Effect on form 
pressure (55-10) Aug. 1958 ............ 
Portal frames — Support for highway 
bridge deck—Analysis (55-55) Feb. 1959 
Pozzolan 
Effect on drying shrinkage of cement 
paste when used to replace part of 
cement (55-79) June 1959 
Uses (55-P&P) Nov. 1958 ... 
Pozzolan cement 
-Influence on creep in concrete 
6 VSrbe irk vs evans oe Rare eee res 
ee and uses (55-P&P) Nov. 


25) Oct. 195 
Precast concrete girders reinforced with 
high strength deformed bars (55-31 
oo Gaston and Eivind Hognestad Oct 


Precast construction—Assembty and fin- 
ishing methods in Russia (55-65) Apr. 
BE thas dadete ave vas nsasuh pies oetawt 

Precast floor and roof units 
-Curing and handling—Recommended 

ractice (55-4) July 1958 

sign—Recommended practice (55-4) 
Ss OR ae a ee ee 
Holes and openings—Recommended 
ractice (55-4) July 
nstallation — Recommended practice 
 . 0 re oe ae 
Manufacture — Recommended practice 
(55-4) July 1 


Materials — Recommended practice 
Oe gk eT ieee ree 
~Testing — Recommended practice (55- 


SP Caicles ci aveanes co lveaceve 


Precast frame—Girder-column connec- 
tion (55-31) Oct. 1968 .........ccccccees 

Precast girders 
Ts Se) GOO, BOD oc cccccccceccess 
55-31) Oct. 


Ultimate strength design 
E> Nun guile toy e ¥ an so tae oo ae eae 
Precast units 
—Curing practices (55-9) Aug. 1958 
-~Russian applications and manufacture 
(55-65) Apr. 1959 
~Used in folded slab construction (55-29) 
ld SE Wate ia nuda s bianis oa ida due-e nan tite 
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Part 2 Dec. 1959 
Precasting plants—Russia — Production 
methods and equipment (55-65) Apr 
BT *nsccinetan tatunduwawienaainwds 1075 
Predicting 7- to 28-day compressive 


strength gains of concrete (55-CB) E. 
L. Howard and K. K. Griffiths Feb. 
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Pressures on formwork (55-10) 
Committee 622 Aug. 1958 .............. 
Disc. Charles Macklin, M. R. Mont- 
gomery, Rolf Schjédt, Wassil Weleff, 
and Committee June 1959 ............ 

Preston, H. Kent—Disc. Prestressed pave- 
ment—A world view of its status (55- 
Be WES. OP EEE wsacocesiscctsese 

Prestressed beams 
Pretensioned—Design method to avoid 
bond slip (55-51) Jan. 1959 
Pretensioned—Flexural bond tests (55- 
51) Jan. 1959 . 

Prestressed concrete 
. sualeemmmsceninan review (55-11) Aug. 
ST ik is ine wh abil e oe acd Aenea eed ans ae 
Russian progress and applications (55- 
65) Apr. 

Prestressed folded slabs—Roof construc- 
tion (55-29) Oct. 1958 

Prestressed girders—Load test (55-8) July 
1958 


Prestressed lift slab 
Economic considerations and _ cost 
trends (55-21) Sept. 1958 
Shearing strength (55-32) Oct. 1958 ... 

Prestressed pavement—A world view of 
its status (55-53) 
oe 325, Subcommittee VI Feb. 
DD Mabn weaeuakh 6b entcbscsGdnsebecniess 
Disc. Thomas Cholnoky, L. Coff, John 
J. Murray and John E. Heinzerling, and 
H. Kent Preston Part 2 Sept. 1959 .... 

Prestressed pavements 
Choice of prestressing methods (55-53) 
ED 54-665 50 ap baie tas cee ee aus whee a 
Design practices (55-53) Feb. 1959 .... 
Load tests and performance (55- 53) 
SUE OE vxuilcs On cicincan Aa AeahOae eens 
Materials required (55-53) Feb. 1959... 
Slab thickness (55-53) Feb. 1959 


Subgrade friction reduction 55-53 
SR Si RST igs Oo ne ae A 
Prestressing 

Methods for pavements (55-53) Feb. 


1959 

Methods used in in precast prod- 
ucts (55-65) Apr. 1959 

Prestressing strand 
Bond action—Factors affecting 55-51) 
TE vteihede crbdaae Gets 056900 tree 
Effect of embedment length and strand 
size on bond (55-51) Jan. 1959 
Effect of surface condition on bond 
(55-51) Jan. 1959 

Pretensioned beams 
Design method to avoid bond slip (55- 
See SA ES psn bald bende O00 4 nde ame. 
Flexural bond tests (55-51) Jan. 1959.. 

Price, Walter H.—Russian progress in 
concrete technology (55-65) Apr. 1959. . 

Probability functions — Investigated with 
respect to fatigue test data (55-13) Aug. 
BD SE ha ewid hE ioe hip. 6 cerdia 2 BaWbe Wh bende 0’ 

Probability of fatigue failure of plain 
concrete (55-13) John T. McCall Aug. 
1958 


Proportioning 
Effect of varying amount and type 
of air-entraining agent (55-16) Aug. 


195: 

-Lightweight concrete—Expanded blast 
furnace slag aggregate (55-40) Nov. 1958 
Lightweight structural concrete——-Pro- 
posed recommended practice 
Sept. 1958 
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INDEX—Proceedings 


Measuring ingredients — Recommended 
ractice (55-35) Nov. 1 
avement concrete (55-3) July 1958. 
Requirements for optimum air content 
(55-33) Oct. 1958 
Specific surface of aggregate as a basis 
for (55-58) Feb. 1959 
Proposed ACI standard recommended 
practice for hot weather concreting 
(55-34) Committee 605 Nov. 1958 
Proposed recommended practice for se- 
lecting proportions for structural light- 
weight concrete (55-18) 
ee 613 Subcommittee Sept. 
Disc. E. L. Howard and W. E. Moulton, 
and Subcommittee Mar. 1959 
Proposed recommended practice 
measuring, mixing, and placing con- 
crete (55-35) 
Committee 614 Nov. 1958 
Disc. Edward A. Abdun-Nur, 
Gray, E. L. Howard, Harry F. Irwin, 
Bailey Tremper, Walter X. Wagner, 
Stanton Walker, Byron P. Weintz, D. 
K. Woodin, and Committee June 1959. 
Proudley, C. E.—Qualification plan for 
ready-mixed concrete plants (55-69) 
May 1959 
Pumped concrete—Placed inside 50 ft 
nga steel chamber (55-73) May 


Pumping—Pavement design 
tions (55-2) July 1958 .... 


Q 


Qualification plan for ready-mixed con- 
crete plants (55-69) 
C. E. Proudley May 1959 
Disc. Miles N. Clair, E. F. Lewis. Joseph 
J. Waddell, and Author Part 2 Dec. 1959 
Quality control 
Lightweight structural concrete—Pro- 
posed recommended practice (55-18) 
Sept. 1958 
Procedures used on Northern [linois 
Toll Highway (55-61) Mar. 9 
Ready-mixed concrete—Procedure for 
inspection and approval of plant fa- 
cilities (55-69) May 1959 
Use in construction (55-49) ‘Jan. 1959. 


Radiation shielding 
High-density concrete made with hy- 
drous-iron aggregate (55-68) Apr. 1959 
Standard density, thick concrete walls 
within steel pressure chambers (55-73 
May 1959 

Rail ‘steal —Clnsamaeabhnn effectiveness in 
beams under blast loading (55-60) Mar. 


considera- 


, M.—Influence of sea water on 
ne of reinforcement (55-76) June 


Ray, K. C.—Influence lines for pressure 
distribution under a finite beam on 
elastic foundation (55-47) Dec. 1958 

Ready-mixed concrete 
Measuring, mixing, and placing—Rec- 
ommended practice (55-35) Nov. 1958. 
-Quality control through inspection and 
spasovet of plant facilities (55-69) May 


Recommended practice for design of con- 
crete pavements (ACI 325-58) (55-2) 
Committee 325 July 1958 

Reddy, Dronnadula V.—Disc. Influence 
lines for pressure distribution under a 
finite beam on elastic foundation (55- 
47) June 1959 

Redistribution of stresses—After diagonal 
cracking—Lightweight beams (55-24) 
Sept. 1958 
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Re-examination of Nichols’ expression 
for the static moment in a flat slab 
floor (55-CB) C. P. Siess Jan. 1959 .... 

Reinforced concrete core main structural 
element in 22-story office tower (55-30) 
Otto Safir Oct. 1958 

Reinforcement 
Amount, as affected by impact load- 
ing—Beam tests (55-74) May 1959 
Continuous in pavements—Review 
42) Dec. 1958 
Corrosion influenced by sea water used 
in mixing concrete (55-76) June 1959. 
Detailing and peaes in oo con- 
struction (55-6 Apr. 1959 
Fatigue failure (55-14) Aug. 1958 
High-strength steel (55-75) June 1959. 
Grades compared as to effectiveness in 
blast resistant beams (55-60) Mar. 1959 
Grades compared in tests of two-span 
continuous beams (55-66) Apr. 1959.... 
Grades compared under impact sending 
of beams (55-74) May 1959 cre Sis 
High strength—Precast girders (55-31 
Oct. 1958 
Pavements—Recommended design prac- 
tice (55-2) July 1958 
i eatammand for pavement (55-3 July 


55- 


Variation of strain as beam load varies 
(55-46) Dec. 1958 
Web—Studied in relation to shear 
srongen of two-span continuous beams 
(55-66) Apr. 9 

Reinforcing bars 
Bond—Test procedure to determine rel- 
ative value (55-1) July 1958 
Tabulation of 5,/A, aids selection of 


proper size (55-CB) Aug. 1958 : 

Rensaa, E. M.—Shear, diagonal tension, 
and anchorage in beams (55-45) Dec. 
1 


958 
Resistance of portland blast furnace slag 
cement concrete to ice removal action 
(55-CB) W. C. Hansen, R. P. Vellines, 
and W. W. Brandvold Aug. 1958 
Resurfacing — Pavement — Design con- 
— (55-19) Sept. 1958 
Retarder 
‘Adipic *acid—Effect on tremie somerets 
(55-54) Feb. 1 
(55-50) Jan. 


9 

Field applications 

Retempering—Recommended practice for 

measuring. mixing. and placing con- 
crete (55-35) Nov. 195: 


Influence lines for 
finite 
(55-47 


Reti, Andrew—Disc. 
pressure distribution under a 
beam on elastic foundation 
June 1959 

Rice, Edward K.—Economic factors in 
prestressed lift-slab construction (55- 
21) Sept. 1958 

Ritey, Walter E.—Design and construction 
of a modern parking garage (55-63) 
Mar. 1959 

Rodriguez, José J.—Shear strength 
two-span continuous reinforced con- 
crete beams (55-66) Apr. 1959 < 

Rogers, Paul—Tabulation for bar selec- 
tion (55-CB) Aug. 

Role of cement in the creep of mortar 
(55-62) 

A. M. Neville Mar. 1959 
Disc. A. de Sousa Coutinho, Kiyoshi 
Okada, and Author Part 2 Sept. 1959 .. 

Roofs . 

Cantilevered folded wists at ACI head- 
quarters (55-25) Oct. 1958 

Cantilevered folded R.. - at ACI head- 

quarters (55-26) Oct. 1958 

Folded plate for ACI — 

(55-27) Oct. 1958 

Folded slab—Design ‘and construction 

(55-29) Oct. 

Precast units— Holes and openings — 

Recommended practice (55-4) July 1958 
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-Precast units—Materials, design, manu- 
facture, testing, installation — Recom- 
mended practice (55-4) July 1958 ...... 

Rosenblueth, Emilio—Disc. Load factors 
Je OS ae 

Russia—Development in precast and pre- 
stressed concrete design and construc- 
tion (55-65) Apr. 1959 .. 

Russian progress in concrete technology 
(55-65) James D. Piper and Walter H. 
Price Apr. 1959 

Rust 
-Effect on bond of prestressing strand 
55-51) Jan. 1959 
~Reinforcement—Infuenced by sea water 
used for mixing (55-76) June 1959 
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Safety—Load factor considerations (55- 
36) Nov. 1958 
Safir, Otto — Reinforced concrete core 
main structural element in 22-story of- 
fice tower (55-30) Oct. 1958 .......... 
Salt—Corrosive action on reinforcement 
SENT UNNI, | MENS yp d'nke as Ske wae cewess he's 
Samelson, Harold—Stresses in reinforced 
concrete sections subject to transient 
temperature gradients (55-23) Sept. 1958 
Samuely, Felix J.—Folded slab construc- 
ai = aa ee 
Sampling — Procedures used in quality 
control on Northern Illinois Toll High- 
way (55-61) Mar. 1959 ; 
Sand cement—Uses and limitation (55- 
ES EN | ad wn os oe keleg ohio wes 
Sand-gravel — Kansas — Influence on 
cracking and expansion of concrete 
SE AEE, 06 sc sn 9 win eetndba hela’ Nios 
Sands—Particle shape affects water re- 
Serene for mortars (55-CB) Nov. 


Sawyer, Donald A.—Disc. Influence lines 
for pressure distribution under a finite 
beam on elastic foundation 55-47 
a aN a anne alg ola < toe nes ae 

Schutz, Raymond J.—Setting time of con- 
crete controlled by the use of admix- 
. A. ) .0ULlLCUR eee 

Schjédt Rolf—Disc. Pressures on form- 
work (55-10) June 1959 

Schupack, M. 
~Disc. Load test of 120-ft precast, pre- 
stressed bridge girder (55-8) Mar. 1959 
~Dise. Setting time of concrete con- 
trolled by the use of admixtures (55-50 
ae NE. JEUNE. 6 sib na cd encomeacnaees 

Scordelis, A. C.—Shearing strength of 
prestressed lift slabs (55-32) Oct. 1958. 

Seawater—Influence on corrosion of re- 
inforcement when used as mixing wa- 
ter for concrete (55-76) June 1959 .... 

Segregation—Air entrainment effect on 
£2  . ree ee 

Setting time 
-~Admixtures to control (55-50) Jan. 1959 
~Factors influencing (55-50) Jan. 1959.. 

Setting time of concrete controlled by 
the use of admixtures (55-50) 

Raymond J. Schutz Jan. 1959 .......... 

~Dise. M. Schupack Part 2 Sept. 1959... . 

Shale—Expanded—Aggregate for struc- 
tural concrete (55-24) Sept. 1958 ; 

Shalon, R.—Influence of sea water on 
—— of reinforcement (55-76) June 
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Shaw, Warren A.—Blast resistance of re- 
inforced concrete beams influenced by 
grade of steel (55-60) Mar. 1959 ....... 

Shear 
~Beam design problems (55-45) Dec. 1958 
~Beams—Points of contraflexure (55-45 
EN ca Selh ds ons akbie sean e ed ob Os vaibo & 
-Folded slabs (55-29) Oct. 1958 ......... 
Frame members—Effect of axial com- 
pression (55-41) Nov. 1958 ............. 
Lightweight structural concrete beams 

55-24) Sept. 
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Shear connectors — Stud — Fatigue and 
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Disc. James Chinn, Bruce H. Falconer, 
Hans Gesund, K. Hajnal-Kényi, Max 
Herzog, A. M. Neville, R. B. L. Smith, 
and Author June 1959 ................ 
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lift slab construction (55-21) Sept. 1958 
Shear redistribution—Continuous beams 
* sf Perry eer 
Shear Strength—Lift ‘slabs (55-32) Oct. 
Detail nakihase Ga Dh « 63 denats ele stra U0 
Shear strength of two-span continuous 
reinforced concrete beams (55-66) 
José J. Rodriguez, Albert C. Bianchini, 
Ivan M. Viest, and Clyde E. Kesler 
Apr. 1959 
Disc. G. Brock and R. Taylor Part 2 
SO CED iutnd ns bhi caudbe canbe waa ss be 
Shear strength of lightweight reinforced 
concrete beams (55-24) 
SO. A. TEMOOR BOS. TOG ... 2.2.-.000.0 600000 
Disc. John E. Bower, Phil M. Ferguson 
and J. Neils Thompson, I. M. Viest, and 
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Disc. A. H Brownfield and Authors 
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Shear walls containing openings—Tests 
and analysis (55-39) Nov. 1958 
Shells 
Built of precast units—Russia 
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Cylindrical—Beam method of analysis 
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Folded slab adaptation of 


T. Y. Lin, and H. R. 


55-65 


55-29) Oct. 
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Space structures—Relation of form and 
structural design (55-48) Jan. 1959. 
Shielding concrete — Standard density, 
thick walls built inside steel ae 
chamber (55-73) May 1959 
Shrinkage cracking—Slab of } eS ga- 

rage (55-63) Mar. ; 

Shrinkage 
Drying — en expanded slag 
concrete (55-40) Nov. 1958 
Effect on diagonal "jonaten in beams 
(55-45) Dec. 1958 
Mortar—Effect of water-cement ratio 
55-38) Nov. 195i 
Restrained by steel rod—Mortar speci- 
mens tested (55-38) Nov. 1958 

Siess, C. P.—Re-examination of Nichols’ 
expression for the static moment in a 
flat slab floor (55-CB) Jan. 1959 ...... 

Siev, A.—Disc. Cylindrical shell analysis 
simplified by beam method (55-71) Part 
De NS Caick winks dude dees Bhae natn 

Singh, B. G. 
Aggregate grading affects air entrain- 
ment (55-52) Jan. 1959 
Specific surface of aggregates applied 
to mix proportioning (55-58) Feb. 1959. 
Disc. Flexural and nee gy —— 
of concrete as affect by the pro 
ties of coarse spantien seal (55-72) art 
2 Dec. 1959 

Sink-float plant—Heavy media separa- 
tion of aggregate (55-7) July 1958 

Slabs 
-Design at joint with exterior column 
(55-P&P) Jan. 1959 
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Flat—Bond stress calculation 

May 1959 

Flat, haunched— Design and construc- 
tion (55-63) Mar. 1959 . 

Flat—Nichols’ expression for static mo- 
ment examined and extended to rec- 
tangular capitals 55-CB) Jan. 1959 . 
Pavement—Recommended design prac- 
tice (55-2) July 1958 .... 

Smooth ceilings system (55-6 July 1958 
Wearing surface construction (55-57 
Feb. 1959 

Slag—Expanded—Aggregate for structur- 
al concrete (55-24) Sept. 1958 

Slag aggregate—Expanded— Lightweight 
concrete (55-40) Nov. 1958 .. 

Slag cement—Effect on concrete’s resis- 
tance to freezing and thawing and ice 
removal chemicals (55-CB) Aug. 1958 

Slate—Expanded — Aggregate for struc- 
tural concrete (55-24) Sept. 1958 

Sliding forms—Methods of erection and 
use in construction 55-67) Apr. 1959.. 

Slip-form construction 
Techniques, details, advantages, disad- 
vantages 55-67) Apr. 1959 st 
Winter concreting problems 55-67 
Apr. sdints 

Slip-form details and techniques (55-67 
J. F. Camellerie Apr. 1959 

Sluiceway—Abrasion resistant lining (55- 

&P) Aug. 1958 

Smith, Gerald M.—Stress distribution af- 
fects ultimate tensile oem 55-43 
Dec. 1958 ..... 7 : 

Smith, R. B. L 
Disc. Shear, diagona] tension, and an- 
chorage in beams (55-45) June 1959 . 
Disc. Strains in beams having ope 
cracks (55-46) June 1959 

“Smooth ceilings” floor system — Load 
tests (55-6) July 1958 P 

Snow loads—Load factor considerations 
55-36) Nov. 

Solomon, Morton—Disc Design of sym- 
metrical co!umns with small eccentrici- 
ties in one or two directions (55-17 
Mar. 1959 

Some effects of carbon ‘dioxide on mor- 
tars and concrete—Discussion 55-CB 
Harold H. Steinour Feb. 1959 ........ 

Space structures—Relation between form 
and structural design (55-48) Jan. 1959. 

Spandrel beams — Torsional resistance 
55-P&P) May 1959 ais pe 

Specific gravity factor—Use in propor- 
tioning lightweight concrete 55-18 
Sept. 1958 eam ; 

Specific surface 
Aggregate—Methods of approximating 
55-58) Feb. 1959 
Aggregate-——-Used as a basis for propor- 
tioning concrete (55-58) Feb. 1959 .... 

Specific surface of aggregates applied to 
mix proportioning (55-58 
B. G. Singh Feb. 1959 ... 

Dise. K. W. Day, Roman Malinowski, 
and Author Part 2 Sept. 1959 . 
Specifications—Criteria for writing - 

49) Jan. 1959 . 

Specifications for concrete pavements 
and concrete bases (ACI 617-58) (55-3 
Committee 617 July 1958 .... 

Speyer, Irwin J.—Disc. Economic factors 


proctremset lift-slab construction 
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(55-21) Mar 

Spindel, M.—Disc. Origin, evolution, and 
effects of the air void system in con- 
crete (55-33) (also 55-5, 55-16, and 55- 
22) June 1959 

SR-4 gages—Installation for flat slab load 
test (55-6) Jul 

Stair landings—Folded slab construction 
(55-29) Oct. 1958 

Static moment—Flat slab— Nichols’ 
pression (55-CB) Jan. 1959 


Steel—Grades compared as to effective- 
ness in beams under blast loading (55- 
60) Mar. 1959 ac. et v 

Steel ratio—Related to beam’s capacity 
for plastic rotation (55-37) Nov. 1958.. 

Steinour, Harold H.—Some effects of 
carbon dioxide on mortars and con- 
crete—Discussion (55-CB) Feb. 1959.... 

Stelson, Thomas E. — Fatigue properties 
of concrete beams (55-15) Aug. 1958.. 

Stewart, J. J.—Further tests of dynami- 
cally loaded beams (55-74) May 1959 .. 

Stirrups 
Design problems (55-45) Dec. 1958 ... 
Precast girders (55-31) Oct. 1958 Ks 

Strain 
Elastic and inelastic calculated for 
mortar specimens (55-38) Nov. 1958 ... 
Ultimate—Affected by strain disiribu- 
tion (55-43) Dec. 1958 
Variation in concrete beam as load is 
varied (55-46) Dec. 1958 

Strain distribution—During diagonal ‘ten- 
sion cracking, in both concrete and 
steel (55-46) Dec. 1958 

Strain gages—SR-4—Installation for flat 
slab load test (55-6) July 5 

Strains in beams having diagonal cracks 
55-46 
D. Watstein and R. G. Mathey Dec 
1958 


Michael Chi, R. B. L. Smith, 
J. “Taub and A. M. Neville, and Au- 
thors June 1959 
Strang, John—Construction for ACI 
27) Oct. 1958 
Strength 
Affected by properties of coarse ag- 
gregate (55-72) May 1959 - 
Gain between 7 and 28 days 
Feb. 1959 ... 
Strength of concrete under combined 
stresses 55-20 
B. Bresler and K. S. Pister Sept. 1958.. 
Dise. C. J. Bernhardt, Michael Chi, 
A. Cotiard, and K. W. Johansen Mar. 
1959 
Stress distribution affects ultimate ten- 
sile strength (55-43 
James S. Blackman, Gerald M. Smith, 
and Lyle E. Young Dec. 1958 ......... 
Dise Per K. Bredsdorff and P. 
Kierkegaard-Hansen June 1959 ....... 
Stress level 
Effect on mode of fatigue failure (55- 
14) Aug. 1958 
Influence on fatigue failure 
Aug. 1958 
Stress range—Effect on fatigue aaowe of 
plain concrete (55-12) Aug. 195 
Stresses—Thermal—Calculation for tran- 
stent temperature (55-23) Sept. 1958 
Stresses in reinforced concrete sections 
subject to transient temperature gradi- 
ents 55-23 
Harold Samelson and Abba Tor Sept. 
1958 


Disc. Tung Au Mar. 1959 .. 

Strip footings—Influence lines for de- 
sign of (55-47) Dec. 1958 

Structural grade steel—Comparative ef- 
fectiveness in beams under blast load- 
ing (55-60) Mar. 1959 

Stud shear ne math el and static 
strength (55-78) June 1959 . 

Subbases 
Pavement—Recommended practice (55- 
2) July 1958 . dad dinieiae & 0k 
Pavement pee anaas 55-3 July 
1958 | pir rca ae 


Subgrades 

Pavement—Recommended practice 55- 
2) July 1958 

Pavement specifications 

1958 


Subgrade friction— Prestressed pavements 
55-53) Feb. 1959 
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Sugar—Retarder in concrete (55-50) Jan 
ME Oy 5 Sait es 4 Ty PAIS 
— Attack on pipe (55-P&P) Jan 
Surface modulus—Young’s method of ap- 
proximating specific surface (55-58) 
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Surface treatment 
Architectural concrete of parking ga- 


rage (36-63) Mar. 1900 ......:ccccccsces 

oo form construction 55-67) Apr 
T 

Tabler, L. Earl, Jr.—Internal shielding 


construction at OE Ao Oy nuclear 
power plant (55-73) 

Tabulation for bar selection (55-CB) Paul 
Rogers Aug. 1958 

Tanks—Stresses in walls caused by tem- 
perature buildup (55-23) Sept. 1958 ... 

Tappan Zee Bridge—Lightweight con- 
crete deck (55-44) Dec. 1958 

Taub, L.—Disc. Strains in beams paving 
diagonal cracks (55-46) June 1959 .. 

Taylor, R. 
Disc. Fatigue behavior of reinforced 
concrete beams (55-14) Mar. 1959 
Disc. Shear stren 
tinuous reinforce 
66) Part 2 Dec. 
Disc. Use of high- -strength steel in re- 
1959 - concrete (55-75) Part 2 ae. 


th of two-span | con- 
concrete beams (55- 
959 


Tedesko a Anton—Disc. Cylindrical shell 
analysis simplified by beam canes 
(55-71) Part 2 Dec. 1959 .. caeeaa 

Temperature 
~Control during curing (55-9) Aug. 1958 
es on form pressure (55-10) Aug. 

Temperature stresses 
Produced by steady state of heat flow 
(55-23) Sept. 1958 
~Produced by transient gradient (55-23) 
Sy Cairns sine mmticdhen n<du sons sabe es ¢ 

Tentor steel — Comparison with other 
high-strength steel (55-75) June 1959.. 

Test procedure—Loading flat slab (55-6) 
"PRR peeetrehts ER galiay! 

Test procedure to determine relative 
bond value of reinforcing bars (55-1) 
Committee 208 July 

Thermal coefficient of expansion—Light- 
a expanded slag concrete (55-40) 


1958 
Thermal conductivity—Lightweight ex- 
panded slag concrete (55-40) Nov. 1958 
Thermal stresses 
~Produced by steady state of heat flow 
(55-23) Sept. 1958 
~Produced by transient 
gredient (55-23) Sept. 1958 
Thompson, J. Neils—Disc. Shear strength 
of lightweight reinforced concrete 
beams (55-24) Mar. 1959 
Thirlimann, Bruno—Fatigue and static 
strength of stud shear connectors (55- 
oe Say eae ae ar 
— Milik — Disc. Moment and shear 
istribution in two-span reinforced 
concrete beams (55-37) June 1959 .... 
Tor, Abba—Stresses in reinforced con- 
crete sections subject to transient tem- 
perature gradients (55-23) Sept. 1958.. 
Tor steel—Comparison with other high- 
strength steel (55-75) June 1959 
Torroja, Eduardo 
~Load factors (55-36) Nov. 1958 


-~Dise. Load factors (55-36) June 1959. . 
Torsion 
~Combined with "5 Eeeney pro- 
gram (55-20) Sept. 1958 
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Tremie*concrete controlled with admix- 
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Dise. Criteria for modern specifica- 
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BASE RRS Sp 1479 
Disc. Proposed revision of recom- 
mended practice for measuring, mix- 
ing, and placing concrete (55-35) June 
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Trusses—Prestressed precast—Russia (55- 
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Tubular greg eg compres- 
— and torsion testing (55-20) Sept. on 
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Criteria for modern specifications and 
control (55-49) Jan. 1959 ............. 759 
Dise. Control of concrete mixes (55-61 
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Ultimate sreneth— Tenatio— pisos by 
stress distribution (55-43) Dec. 679 
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ers (55-31) Oct. 1966 ......secccccceees 469 
Ultimate strength in shear — Lift slabs 
ee Sa EE Da bO6h ob ddece dewneos 485 
Underwater concreting—Tremie place- 
ment improved by use of retarder and 
air entrainment (55-54) Feb. 1959 839 
Unreinforced concrete—Fatigue tests (55- 
Yo eS ae ey 221 
Use of high-strength steel in reinforced 
concrete (55-75) 
Georg WaAstlund June 1959 . ea 
Disc. K. Hajnal-Konyi, R. Taylor, A. 
Zaslavsky, and a Part 2 Dec. 
SO oes cUS Es OVO UWatN eudbtedesrads . 1617 
Vellines, R. P.—Resistance of portland 
blast furnace slag cement concrete to 
ice removal action (55-CB) Aug. 1958.. 285 
Vibration 
-Effect on air void system in concrete 
Ce) ME. “MUD daisies ccs codec dic cate 359 
Effect on form pressure (55-10) Aug. 
Ar 8 rrr ret et ee 173 
Recommended — for measuring, 
mixing, and placing concrete (55-35) 
DEES TEs oes cheb sR bid esc cusveseee sade 535 
Viest, I. M. 
Effect of axial compression on shear 
strength of reinforced concrete frame 
members (55-41) Nov. 1958 ........... 635 
Disc. Fatigue and static strength of 
stud shear connectors (55-78) Part 2 
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Waddell, Joseph J. 
Control of concrete mixes (55-61) Mar. 
1959 
Disc. Qualification plan for ready- -mix- 
ed  ncemengtly plants (55-69) Part 2 Dec. 
195! 


Wagner, Walter K.—Disc. Proposed re- 
vision of recommended practice for 
measuring, mixing, and placing con- 
crete (55-35) June 1959 . 

Walker, Stanton 
Disc. Flexural and compressive strength 
of concrete as affected by the prover- 
ties of coarse aggregates (55-72) Part 
2 Dec. 

Disc. Proposed revision of recommend- 
ed practice for measuring, mixing, and 
placing concrete (55-35) June 1959 

Walls 
Construction at ACI headquarters 
building (55-27) Oct. 1958 
Precast, hollow core 
(55-65) Apr. 1959 
Shear—With openings—Tests and anal- 
ysis (55-39) Nov. 

Wardlaw, John—Effect of powdered min- 
erals and fine aggregate on the drying 
shrinkage of portland cement — 
(55-79) June 1959 ; 

Warping—Restrained in continuously re- 
inforced pavements (55-42) Dec. 1958 . 

Warris, Birger—Disc. Origin, evolution, 
and effects of the air void svstem in 
concrete (55-33) (‘also 55-5, 55-16 and 
55-22) June 1959 

WAstlund, Georg — Use of high- strength 
steel in reinforced concrete 55-75 
June eeieek 

Water 
Measurement and control—Recom- 
mended practice (55-35) Nov. 
Temperature control for hot weather 
concreting—Recommended practice (55- 
34) Nov. 

Use in curing of concrete (55-9) Aug. 
1958 

Water requirements—Lightweight struc- 
tural concrete—Proposed recommended 
practice (55-18) Sept. 1958 

Watertight slabs—-Without roofing 
membrane (55-21) Sept. 1958 

Watstein, D.—Strains in beams having di- 
agonal cracks (55-46) Dec. 1958 

Water-cement ratio 
— on air entrainment (55-5) July 


Effect on air void system in concrete 
(55-22) Sept. 1958 

Effect on drying eeeshage of cement 
paste (55-79) June 1959 

— on mortar behavior (55-38) Nov. 
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Durability (55-77) June 1959 
Installing (55-77) June 1959 
Leakage tests of several types (55-77) 
June 1959 
Mechanical properties (55-77) June 1959 
Polyvinyl chloride—Tests and specifi- 
cation (55-77) June 1959 
Splicing (55-77) June 1959 
Strength tests of several types (55-77 
June 1959 
Types (55-77) June 1959 
Waterstops for joints in concrete (55-77 
B. Kellam and M 
June 1959 


Wear-resistant concrete construction (55- 
57) 
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Web reinforcement 
Design problems (55-45) Dec. 1958 . 
Precast girders (55-31) Oct. 1958 
Studied in relation to shear strength 
of two-span continuous beams (55-66 
Apr. 195 

Weintz, Byron P.—Disc. Proposed revi- 
sion of recommended practice for 
measuring, mixing, and placing con- 
crete (55-35) June 1959 

Welch, Lyndon—Folded plate dome ideal 
for auditorium (55-28) Oct. 1958 


Weleff, Wassil—Disc. Pressures on form- 
work (55-10) June 1959 

Wheeler, Walter H.—Load test on flat 
slab floor with embedded steel grill- 
age caps (55-6) July 1958 

Whitney, Charles 8.—Cantilevered folded 
plate roofs ACI headquarters (55-26 
Oct. 1958 

Wiesinger, Frederick P.—Design of sym- 
metrical columns with small eccentrici- 
ties in one or two directions (55-17 
Aug. 195 

Williams, Harry A.—Behavior of one- 
story reinforced concrete shear walls 
containing openings (55-39) Nov. 1958 

Williams, J. Wayman, Jr. Tremie con- 
crete controlled with admixtures (55- 
54) Feb. 1959 

Wind loads—Load factor considerations 
(55-36) Nov. 195 

Wind resistant design—22-story building 
(55-30) Oct. 1958 

Winter concreting 

-Pavements (55-3) July 1958 
-~Recommended measuring, mixing, and 
Placing practices (55-35) Nov. 1958 .... 
ussian practices (55-65) Apr. 1959 .... 
BG form construction 55-67 Apr. 
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wusnebes. Viadimir E.—Origin, evolu- 
tion, and effects of the air void sys- 
tem in concrete 
Part 1—Entrained air in unhardened 
concrete (55-5) July 1958 
Part 2—Influence of type and amount 
Tt ateemepaanee agent (55-16) Aug 
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~Part 3—Influence of water-cement ra- 
tio and compaction (55-22) Sept. 1958.. 
~Part 4—The air void system in job 
concrete (55-33) Oct. 1958 

Woodin, D. K.—Disc. Proposed revision 
of recommended practice for meas- 
uring, mixing, and placing concrete 
(55-35) June 1959 

Workability 

Air entrainment effect on (55-5) July 
1958 


Effect of aggregate grading as it 
fluences (55-52) Jan. 1959 
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Yamasaki, Minoru—ACI headquarters 
resented a challenge in concrete (55- 
5) Oct. 1958 
Young, Lyle E.—Stress distribution af- 
fects ultimate tensile strength (55-43) 
1958 


Zaslaysky, A.—Disc. Use of high-strength 
steel in reinforced concrete (55-75) 
Part 2 Dec. 1959 

Zweig, Alfred—Disc. ‘Cylindrical shell an- 
alysis simplified by beam analysis 
(55-71) Part 2 Dec. 1959 ...... 





ee ke ee ee ee 


<i <¢é« 


All 


= f “a er By ~ _— — OS om 
qt é4<¢¢ << <ié¢< << 






INDEX 


Current Reviews 


From JOURD 


A 


Abidjan bridge—Design a-d construction 
Avrasion resistance 
Effect of aggregate on 
Factors affecting : . A 
Abrasion test—German method and ma- 
chine en a pes ‘ . 
Acoustic strain gage—Design and appli- 
cation .. ba hankes ‘ a 
Admixture 
Krilium polyelectrolyte—Effect 
Mineral—Prevent alkali-aggregate re- 
action 2 
Mineral—Prevent expansion due to al- 
kali-aggregate reaction 
Polyvinyl acetate—Survey of literature 
on. 


1957 Congress of the Concrete Products. 


Industry 


AE-55 indicator—Measures air entrain- 


ment : 

Aggregate 
Alkali reactivity—Chemical test for 
ASTM standards for 
Beneficiation processes 
Carbonate rocks related to concrete 
ST ghd : - 
Chemical reactions in concrete , 
Coarse—Effect of properties on strength 
and cement requirement 
Coarse—Effect of properties on work- 
ability ‘ 
Copper nitrate staining test prolonged 
Danish flint and chert types 
Danish flints—Classified by x- ray dif- 
fractometry .. ; 
Danish—Reactivity ‘studied 
Effect on abrasion resistance of con- 
crete 
Expanded shale—Effect on creep and 
shrinkage .. . : 
Keramzit (expanded clay)- 
concrete properties .... 
Lightweight—Sintered shale 

Aggregate plant—Criteria for economical 
operation ......... ; 

Air content—Hardered concrete 
pressure test apparatus 

Air-entraining agént 
Effect on mortars . ania 
Effect on viscosity and bleeding of 
paste 

Air-entraining cement- 
on 

Air-entrained conc rete -Properties ‘stud- 
ie ; : 

Airfield pavement 
Prestressed 
Prestressed—Model studies , sak 

Air voids—Effect on durability of con- 
crete ; : 

A’kali- -aggregate ‘reaction 
Bridge concrete in Canada 
Factors affecting 
Field concrete ... 
Field, laboratory, 
reriences ; 
Mireral admixtures to ‘prevent 
Pressures developed in . 
Pressures developed by 
Role of physicochemical properties of 
aggregate ‘ a" ; oe? 0 
Soda and potash ‘compared in effect 
on expansion 
Studied in Holland 

Alkali reaction 


-Effect on 


High- 


Effect of storage 


and theoretical ex- 


Danish study 

General survey 

See also alkali-aggregate reaction 
Aluminous cement 

properties ad 

Properties affected by heat trez tment. 
Aluminum alloys — Compatibility with 
concrete a 
American Concrete 
History ate ; pra 
Anchor bolts—Design for slender, un- 
braced towers ; 
Anchorage 

Prestressed concrete 

Prestressing tendons .. 
Anchors—-Metal, grouted into channels 
formed in concrete by rubber inserts 
Anhydrite cement 
Apartments and 
Dodge Corp. pe 
Apartments— Survey of recent construc- 
ree s 
Application ‘of the Theory of 
Aroutiounian. Editions Eyrolles : 
Applied Mathematics for Engineers and 
pape Pipes. McGraw-Hill Book 


Pipe Association— 


Dormitories. F. W 


Creep 


Arch bridge— Analysis ; 
Arch dam—Norway’ s experience 
Arch 
Connected rigidly with upper bridge 
structure—Analysis 
Deformations and elastic instability 
Masonry—Elastic behavior studied ‘ 
Thin shell—Construction for bridge 
support . 
Two- hinged, 
load . a Va 
Torsional instability — Approximate 
method of investigation Siete ‘ 
Architectural concrete 
Decorative techniques 
Architectural construction 
Architecture 
Photographic display 
Related to structure . 
Arch rib—Two-pinned sinusoidal 
ns : 
ASTM— Proceedings, 1957 
ASTM Standards in Building Codes 
American Society for Testing Mate- 


elastic—Critical buckling 


Anal- 


rials .... 

ASTM Standards 
Cement, concrete, ceramics, etc 
Ferrous metals mr 

ASTM Standards on Mineral Aggregates 
and Concrete (with Selected Highway 
Materials). American Society for Test- 
ing Materials ... 

ASTM Book of Standards—1957 ' Supple- 
ment (including tentatives). Part 1 
Ferrous Metals. American Society for 
Testine Materials : 

ASTM Book of Standards—1957 Suvple- 
ment (including tentatives). Part 3— 
Cement, Concrete, Ceramics, Thermal 
Insulation, Road Materials, Waterproof- 
ing, Soils. American Society for Test- 
ing Materials “0 ; ‘ 


B 


Barrel vaults—Prestressed at Darmstadt 
School of Technology . 
3asic Geoloay for Science and Engineer- 


915 
407 
920 


410 
1320 


924 
924 
1320 


823 
411 


1230 
408 


923 


158 


“Chemical test” evaluated . 920 ing. Dapples. John Wiley & Sons, Inc., 1326 


1663 





1664 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Beam tests to failure—Study of ........ 523 
Beam 
Composite—Design methods ........... 913 
—~Composite—Stud shear connectors 414 
~Continuous—Limit design ............. 1319 
~Curved—Plastic theory ................ 660 
~Deep-Stresses when centrally loaded. 523 
~Deflection influenced by increase in 
modulus of elasticity due to prestress. 827 
~Design by load factor method ........ 820 
Design formulas, tables, graphs ...... 995 
Elastic foundation support—Analysis.. 1153 
Ec v.6.5 sic d ge C406 b's thinks pon 406 
ape 1163 
Flexural strength studied statistically 663 
~Hollow, prestressed—Theory ........... 1322 
Prestressed— Behavior at transfer .... 745 
-Prestressed — Composite — Japanese 
I ait nan cues ahd he tnet nk oun es 745 
Prestressed —Continuous—Tested to 
CT ikke caekas kaahts teks Gans ke teas 823 
~Prestressed — Continuous — Ultimate 
RE Anu hasan i gine babes Gende ees can 824 
~Prestressed—Creep measurements . 1159 
Prestressed—Design ............csccceee 665 
Prestressed—Expanded shale concrete 
OL. ee ee 409 
~Prestressed—Failure tests ............ 919 
Prestressed—I-section—Shear strength 
EYE Seed ailtck to Bani 040 ot <n cinh.o-6 be-4o.mv0'e ab 922 
Prestressed—Maximum amount of re- 
ME ain oi ow neues 'a Gd 5 hey kB § Gomi 822 
Prestressed—Precast ...............+-+: 1321 
Prestressed—Torsional properties ..... 923 
Prestressed with 0.276-in. wire—Static 
OE Sd os is nos § nn wee we 1233 
IL nara cintin pace maka e owe ee ee 742 
-Slope and deflection determinations.. 1231 
-Ultimate strength design charts ...... 914 
Bearings—Roller and rocker, made of 
SE a ki bnshsnanhceneiniassdeses 291 
— Fair—Space structure in con- - 
hie it ied te ite dee ine On bine e.4 6 bete 3 
Bibliography of Engineering Seismology. 
Hollis. Earthquake Engineering Re- 
i EE Ss.» Sand aka 660 bshe p00 + a6 cace.s 923 
Bin eS raenes by means of cast 
iron grit and shavings ................ 416 
Bitugel—Bituminous composition used to 
WAUOFPTOCE COMCTOTE ..... 2... ecccccccccs 1327 
Blasting—Demolition of concrete struc- 
Mt. eubsthtee den unten edtbuedanasedeaens 160 
Bleeding -- Cement paste — Affected by 
air-entraining agents ................. 1235 
Block 
ee content test method criti- 
ts eb bee sathn on ngeb6bason ae ¥ee - 745 
Sarinkape tect methods compared ... 664 
Bond 
-~Pretensioned concrete ................. 823 
-~Processes in the formation of inter- 
layer between steel and concrete ..... 1323 
Bond strength—Deformed bars ......... 1162 
Brick—Crushed, as aggregate in fire- 
SE I seattle he aod ane ancelen ne 1157 
Bridge approaches—Prestressed girders 
SEE. Dh debe bas dostoveutbees hatin scons un 411 
Bridge arches—connected rigidly with 
upper structure—Analysis ............ 151 
Bridge deck—Precast beams transverse- 
ly stressed together after placing . 741 
Bridge slab 
Prestressed—Load distribution ........ 303 
Restraint—Supported by heavy edge 
GIN |S o-0v 5 ost-cavonseesleess sebinevees 151 
Bridge widening—Montagnac ........... 741 
Bridge 
Abidjan—Design and construction 817 
OND ~ voce gis ea beans eweocgaes 520 
Arch — Constructed using c upapite 
EN, iso ctara's FAS. va OED S oh ome o 8% 817 
Arch—Moscow River .............. 1149 
Berlin expressway—Design proposals. . 910 
Berlin—Postwar reconstruction ....... 1149 
Box-girder — Construction on grade 
with excavation later ................. 1317 





Part 2 Dec. 1959 
I, nn v0'ckcessusecns v0.0 291 
—~Composite—AASHO specifications 405 
~Composite—Design ............5.0+005: 913 
~Composite construction ............... $17 
~Continuous composite girder ......... 995 
Construction methods review ....... . 818 
~Designs using I-shaped girders ........ 741 
~German interregional highways ...519, 659 
~Germany—Two structures described .. 909 
TE OO aaa 659 
— Iraq—Design and construc- 
TE deren baba beeen phettee ven chu tandons 659 
-Historical survey of outstanding struc- 
DD ccaka odes babeuhénsdbhe aes ane) oes tee 151 
-Langstone in Hampshire—Design and 
SR * in cakdiesced ont be bVenrdeves 741 
Jjubljana-Zagreb highway ............ 291 
~Masonry arch—Elastic behavior during 
Oe So acahs wav kee ses 0s aha bogs Kathaoste $s 818 
~Moscow River—Precast and prestressed 
GUTED TIE, . on. vd 0bs tkcuceose cesrisees 1149 
~Prestressed—Design considerations . 909 
~Prestressed—French railroad .......... 1150 
~Prestressed—Lille, France — Construc- 
OE Sond 6.4 dap eGree use eset eee eee A aS DRS 909 
Prestressed—Weinland in Switzerland. 1149 
Prestressed slab type—Tested to fail- - 
a ddtksia aid het ch pk tosh sek 64 Sal 
Prestrensed, EE ME “hg SSaeae wks dasa 909 
Quebec highways—History Pee syst 817 
Slab-and-beam type—Moment calcula- 
SE. Wa aatkh halen desde dhlean Aedcaeatnaaeee 291 
Slab supported by shell type arch— 
Sn. +6, decaeaaes b046nas es 0¢cend 297 
~Thin shell arch—Construction ........ 1317 
Weinland—Design competition ........ 995 
-Working stress in reinforcement ...... 406 
Bridges and Their Builders. Steinman 
and Watson. Dover Publications, Inc.. 151 
“British Test’—Modified—Block shrink- 
GE | avec egeneserdgrcdvenes t2atess 0c ones 664 
Brussels World’s Fair—Concrete struc- 
rr Mn. hesncvesonceucnssoeaagn 1163 
Building codes—ASTM standards used in 996 
Building Construction Handbook. Mer- 
ritt. McGraw-Hill Book Co. .......... 159 
——, research — Canada — Ten-year . 
errr ee 
Building with Tilt Up. Collins. Know 
Be ND han 6 ccoccctcccresae 659 
Buildings for Research. F. W. Dodge 
RS. hanes sdpedusesoen<cendas onaeasane 998 
Cc 
Calcium chloride 
-Accelerator for precast products...... 1232 
-Effect as additive on corrosion of re- 
CONE GENO vecesascesevessescecce ss 744 
-Effect on sulfate resistance of mortar. 743 
Effect on sulfate resistance of mortar 
~~ FE RS Os Ses ee 666 
Used in “cold” concreting ............ 410 
Calorimeter-strain apparatus for study 
of freezing and thawing of concrete.. 666 
Capillary absorption test—Evaluation of 
waterproofing materials .............. 297 
Carbon dioxide—Reaction with cement.. 1323 
Cellular concrete—Machined finish ..... 911 
Cement-aggregate reaction 
~Causes deterioration of Canadian bridge 826 
Historical summary ................+.: 1322 
Cement 
-Accelerated testing method ........... 521 
-Air-entraining—Effect of storage on .. 408 
Aluminous—Studied for effect of heat 
ee Eg errs 1320 
Anhydrite ......... RP? ery sy. 408 
Baritic—Properties ................ 1155 
Calcium aluminate — Manufacturing 
EE. wen best bedeasiessbsndonsees teens 298 
Chemistry of—Soviet symposium ..... 155 
Danish—Alkali content ................ 915 
Effect of fineness on hydration ....... 299 








INDEX—Current 


Expansion phenomena 
~~ (aman puitneae a» eprearcnall 
ties .... 
False set 
False set 
salts 
Fineness—Effect on properties of con- 
crete 
Hardening—Chemical reactions 
Hardening influenced by low temper- 
atures 
Hydrated—Carbonation of 
nverepnente 
Insoluble residue determination 
Microscopic examination 
Partial replacement by 
stances in concrete 
Particle size distribution effect on 
strength 

Portland slag—Effect of fineness of 
slag and clinker on cement properties 
Portland pozzolan—Properties 
Properties of those containing larger 
amounts of alumina and ferric oxide. 
Rapid hardening—Effect on properties 
of concrete 
Raw material 
spectroscopicall 
Reaction with 
en een fe in precast products. . 

ma my portland blends—Concrete 
ing properties 

_Regrouna with sand replacement of 
part of cement—Strength 
Setting time determined electronically 
Standards, composition, and properties 
Strength ts by various methods 
compared 
Strontium—Properties 
Sulfate resistance affected by free lime 
Sulfate resisting—Denmark 
Supersulfated—Properties 
Used for lining water tanks and pipes 
—Resistance to leaching 

Cement clinker—Microscopic examination 

Cement kiln—Refractories attacked .... 

Cement paste—Hardened—Structure and 
properties 

Cement plants—-Semidry process at Caul- 
don, England 

Centering—Composite steel and concrete 
for arch bridge 

Chace pocket 
measured by 

Chimneys—Design and testing of 110 m 
high structure for cement plant 

Churches—Tower and dome construction 
in Disseldorf 

Civil cagpncering-~Activity at Brussels 
Exposition 

Clay—Effect on mortar 
properties 

ae eae penetration during hy- 
rat 

“Cold” 

used 

Column -jheads—Concealed in floor slab, 
made with additional steel 

Column 

Composite—Design considerations 
Eccentrically loaded—Design by 
factor method 
Design formulas, tables, graphs 
Function of hoops in 
Metallic—Shanley effect 
Prestressed, precast, 43 ft high 
Reinforced with square twisted steel— 
Eccentric load tests 

Compaction—Table vibration 

Composite bridges—AASHO specification 

Composite Construction in Steel and 
Concrete:For Bridges and Buildings 
Viest, Fountain, and Singleton. Mc- 
Graw-Hill Book Co. 

Composite construction 
Main types and advantages 


investigated 
and proper- 


300, 
influenced by addition of 


other sub- 


and clinker analyzed 


Seeten- Abe entrainment 


and concrete 


916 


915 
662 


743 


Concrete and Constructional 


Concrete Pipe 


Concrete Products Manual 


Reviews 


Slabs of expanded clay concrete rein- 
forced concrete with dense prestressed 
prisms or planks 


Composite structures—Design manual. . 
Composition—Hardened concrete—Phys- 


ical method for determining 


Compression strains—Elastic and perma- 


nent in rapid testing 


Compressive strength 


Estimated from sonic test results 
Influence by shape of member ....... 
Related to modulus of elasticity in 
compression 


Computer—Electrical analyzer for rigid 


frames 
E ngineer- 
ing—Editorials : compiled 


Concrete 


Role in modern construction .. : 
Ingredients, properties, application, his- 


tory 

Handbook. Peckworth. 
American Concrete Pipe Assn. 
Florida Con- 
crete and Products 


Assn 
Concrete Pocketbook 1958. Wilhelm Ernst 
and Son 
Cones of revolution—Flexural enakyens. . 
Conoidal shell—Stress analysis 
Construction-handbook ¢ 
Construction machinery—Economical use 


of 
Construction materials—Comparisons 
Construction—Mechanized techniques at 


Bron-Parilly housing development ‘ 

Construction methods—Modern compared 
with traditional 

Contemporary Curtain Wall, The. Hunt. 
F. W. Dodge Corp. 

“Convergence-divergence” 

mixing 

Corrosion 
Protection of concrete by various coat- 
ings 
PU in concrete exposed ‘to 
salt spray : 
Reinforcement—Effect of calcium chlo- 
ride additive in cement 
Reinforcement—Factors influencing 
Reinforcement in marine environment 
Reinforcement — Resisted by adding 
salts to concrete 
Reinforcing steel—Effect of admixtures 
in cement 

Cost 

handbook 
Related to quality of materials 

Course on Experimental Analysis of 
Structures. Ricaldoni. University of 
Uruguay 

Crane—Tower type used for assembling 
precast building units 

Creep 
Comprehensive 
literature 
Differential, 
structures 
Discussion with bibliography 
High-strength concrete 
Influenced by properties 
used in concrete 
Measured in existing structures 
Plain concrete—Survey of tests 
theories 
Prestressing steel 

-Survey of existing knowledge plus 
some new theories and tests 

~Theory and design applications 
Tests of factors affecting 


survey of 40 years’ 


of cement 


~Test measurement methods compared 921 


Cruciani centering for arches 

Crushing—Annotated bibliography 

Crushing and Grinding. Department of 
Scientific and Industrial Research 
(England) 





1665 


1666 


Curing 
Dry—Effect on 28-day strength 
Effect of temperature on strength 
Speeded by electrical current heating. 
Curing tmperature—Effect on hydration. 
Curtain wall—Precast units .... 
Curved beams—Plastic theory 


D 


Dam 
Annual survey of recent calipers: 
Arch—Design practices “i : 
Arch—Norway’s experience .. 
Effects of externally caused vibrations 
Hiracud in India—Combines eirth fill 
masonry, and concrete : ; 
Mauvoisin—Design and construction 
Ogachi—Construction : 
Prestressed in Japan ... 
Statistics on more than 2800 in U. S 
Storage and handling facilities for con- 
struction materials ....... ; 
Switzerland—Construction résumé 
Thin arch—Gage River, France 
Danish aggregates—Flint and chert ty pes 
Decks—Construction systems in Germany 
and U. 
Department store—Design ‘and co: astruc- 
tion features ... eS Pye 
Design 
Genera! solution for any section with 
axis of symmetry, eccentrically loaded 
Over-all summary of methods for con- 
crete ... 
Design handbook 
Design handbook—Loser ............. 
Design of Tilt-Up Buildings. Collins. 
Know How Publications ...... 
Designing Methods. Loser and Loser. Wil- 
helm Ernst and Son s : 
Design textbook— Reinforced concrete 
Deterioration—Oil emulsion attack ... 
Deutscher Ausschuss fur Stahlbeton— 
Fifty years of achievements ie 
Dimensional analysis—--Basic Theory 
ee eee of No. 1 
MEN) a.6¢ xee0 3 > 
Dome 
Doubly curved ee at Wimble- 
OR PREF A a: 
Masonry, unreinforced Pe an 
Thin shell over tennis courts ..... 
Dormitories—Survey of recent construc- 
COO dbase ws% . 
Drvdock—Design and construction at 
South Shields ies 
Durability 
Concrete on the west coast of Jutland 
Effect of carbonate aggregates on 
Related to air voids in concrete . 
Dynamic modulus of elasticity 
Affected by compressive stress . 
Use for durability testing and quality 
SE As BE > sce os os hence kent ee a8 
Dynamic loading 
~Capacity of several building materials 
Road --eadlieg pommel with static - 
WEEE Nanay. teoreack, P 


Earthquake damage—Mexico City, 1957 .. 
Eccentric loading — Reinforcement de- 
I” set deena gy dunner tc.ch beaten 
Ed‘torial Notes from Concrete and Con- 
structional Engineering. Childe. Con- 
crete Publications, Ltd. ............... 
Electrical heating—Speeds curing ...... 
Estimating Construction Costs. Peurifoy. 
McGraw-Hill Book Co. .. 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


1324 


1235 


293 
663 
745 
660 


1150 
818 
923 
741 


826 
1323 


. 1323 


303 
1235 


300 


416 
153 


Part 2 Dec. 1959 


Expanded shale concrete Creep and 


BS RS en ere ee ere T 1160 
Expansion— Due to alkali- -aggregate re- 
action—Prevented by mineral admix- 
I hn AA hs rvin's SARE SEO E Ne « obs 44% 1160 
Expansive cements — Composition and 
properties ree Pry oe eres 915 
Experimental analysis of structures — 
GE. obi ch wane nsdsedattacendeedsss 407 


Exposition. Palace—Centre National des 
Industries et ater eaneyccmiDeoempeimmanns 
and design - ia sped bd) 


F 


Factories—Construction in Germany 910 
False set 
Cement hiidh autielaked Gh itwitetcdwedsee 
Cement—Explanation 0 eee . 
Failure—Beams—Theory ............. 406 
Failures — Rio de Janeiro apartment 
building ... oe stviawivhseed 304 
Fatigue tests—Beams .......... ‘ iva 1163 


Ferroconcrete 


Safety factor for eccentric loading 661 
Shrinkage stress in symmetrically re- 
inforced elements ............. B .. 839 
FHA property standards ...............- 924 
Field Inspection of Building Construc- 
tion. McKaig. F. W. Dodge Corp. ..... 1229 


Fiftieth Anniversary—German Commit- 
tee jor Reinforced Concrete, 1907-1957. 
Wilhelm Ernst and Son ......... 667 
Fiftieth Anniversary Histo ry—American 
Concrete Pipe Association. Peckworth. 


American Concrete Pipe Association. 924 
Fire damage—Affected by type and lay- 

Oe 2” ers re ree 304 
Fireproof concrete— Aggregate ‘for ..- 1157 
Fire resistance 

Prestressed concrete . Sere 

Prestressed double-T slabs ...... oie’ 
Fire test 

Prestressed and reinforced concrete 410 

Prestressed slabs rereiwristes «Oia ie 746 

Structural elements ..... 304 


Fixed-end moments—Charts for partial 


uniform or triangular loads ...... 914 
First slab floor—Assembled of prefabri- 
cated parts—Model tests ........... . 923 


Flat slab—Ultimate strength design .... 1319 
Flexural members—Deflection at mid- 


length and required I ....... 294 
Flexural strength — Influenced by test 

PGND. bot d cccrccdeusecceswess 665 
Floor slabs —Industrial—Design and con- 

IR: Scdiin oan cc ead eneta wise’ Patan 296 
Floors--Construction decane in ‘Germ: any 

"6 3 SBR meee ea rr 910 
Fly ash 

Nonspecification used by TVA ‘ 155 

Pozzolanic activity studied ..... Se 


Sydney—Used in concrete ee . 16 
Folded plate—Precast for factory roof.. 13?1 
Folded plate roofs—Design .. eS 
Form anchors—Holding strength at re- 


duced temperatures ..... re 
Footing 

Combined, in elastic soil—Design .. 870 

Small size for dwelling houses ........ 910 
Forms—Sliding and climbing types ..... 818 
Foundation 

IIE hints Syd a dhs tierce oh deed hos 405 

CO inn cceen teks on orined 821 
Frame 

Analysis when subject to sidesway .... 154 

Multistory — Analysis under dynamic 

EE ona davclb' asin s cabelas net vies 1319 


Multistory—British survey of construc- 
tion practices 
Rigid, multistory—Analysis by substi- 
tute frame procedure ... 
Rigid, prestressed—Load Tests haves cont 746 








INDEX—Current Reviews 


Statically indeterminate — Angle bal- 
ancing method 
Freezing 
Early—Effect on properties of os 
setting concrete 
Soils—Theories and factors affecting. 
Freezing and Thawing resistance— ‘Effect 
of method of test 
French—Language Textbook 
Frost resistance 
Cement pastes—Affected by surface— 
active agents origi ia Seine ah A 
Mass concrete 
Plain concrete—Factors affecting 


G 


Gables frames—Pin-ended—Calculation. . 
Garage—Four-story parking structure in 
Disseldorf 
Gasholder tanks—Construction systems. . 
Gas industry—Makes use of structural 
concrete—Comprehensive survey 
Geology—Fundamentals for engineers ... 
German Concrete Society — 1957 Year 
Book 
German—Language textbook ... 
German standards—Proposed revisions 
discussed 
Germany—Construction practices of past 
decade (concrete) 
Gibraltar—Bridge across straits 
Gifford-Udall-CCL prestressing system. . 
Girders 
Circular—Temperature stress eteeed 
Helicoidal—Tests and analysis 
Wall type—Calculations 
os analysis—Relaxation procedure 
aT 
Crossed beam — Analysis reduced to 
analysis of continuous am on elastic 
supports 
Used for study of strains 
Grinding—Annotated bibliography 
Groins—Precast—Break up wave action 
on Florida beach 
Grout 
Admixtures used in 
Applied under pressure to prestressed 
concrete 
Used in prestressed concrete 
Guiding Principles for the Field Control 
of Concrete and Reinforced Concrete. 
Nakonz Deutscher Beton-Verein E. V... 
Gypsum concrete—Mix containing blend 
Sree. portland cement, and poz- 
zolan 


Handbook—Concrete construction 

Hangars—Construction in Luxembourg 
uses special prestressed features 

Hardened concrete—Methods of evalu- 
ating in service 

Hardening rate—Measured by bond pull- 
out pins 

Headgears—Mine—Prestressed reinforced 
concrete 

Heat lamps—Winter use on dam con- 
struction joints 

Heavy media separation—Aggregate .... 

Heterogeneous body—Stresses near any 
point for each of the component media 

High strength concrete—Russian use for 
prestressed structures 

Holes—Circular—Influence on stress dis- 
tribution in plates 

Homogeneity—Determination on basis of 
strength distribution ... 


Housing project — Bron-Parilly — Con- 
struction oe 

Hyperboloidal water-cooling towers — 
Stress due to wind loading 


‘ 


Impact hammer—Test results influenced 
by age of concrete .. 
Inspection—Building construction 
Insulating concrete 
Factors affecting compressive nena 
Thermal conductivity 
Insulation blocks—Filled with concrete. 
Insoluble residue in cements—Methods 
for determining 
Introduction to Concrete , An 
Childe. Concrete Publications, Ltd. .... 


J 


Joints and Cracks in Concrete. Critchell. 
Contractors Record, Ltd. 
Joint 
Development for precast, prestressed 
construction 
Materials and methods of construction 
for various types 
Pavement—Spacing and construction.. 
Jutland—Concrete techniques, 1870-1952 


K 


Keramzit — Aggregate for lightweight 
concrete 

Kilns — Rotary — Insulating bricks and 
advantages 

Krilium — Effect as admixture 


L 


Lamp poles—Prestressed 
Leaching—Water tanks and pipes—Com- 
parison of cements used in linings .... 
Lightweight concrete—Strength theory.. 
Lignin—Used as retarder 
Lime concrete—Production and prop- 
erties 
Limit design 
Continuous beams 
Plates 
Load factor design 
Columns with eccentric load 
Design of columns, beams, and slabs. . 
Use in reinforced concrete design ... 
Lubrithene—Membrane laid on base pri- 
or to placing pavement concrete 
Lumnite cement concrete—Thermal con- 
ductivity : 


Magnetite concrete — Proportioning and 
properties 

Manual of Accident Prevention in Con- 
struction. Associated General Contrac- 
tors of America, Inc. 
Manufacture of Concrete Masonry Units. 
Grant. Concrete Publishing Corp. .. 
Maritime structures—Advantages of con- 
crete for 

Masonry 
Brick—Method of construction at freez- 
ing temperatures 





1667 


1668 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Domes—Unreinforced ................. 996 
Se I on ca cance ve adeere es 924 
Handbook on manufacture ............ 1232 
Masonry wall 
ts bc hth ae pas nyc pe oth eeawn 294 
Flexural strength in horizonta] span. 827 
Mass concrete structures—Strain meas- 
ee a eee 303 
Masters of Modern Architecture. Peter. 
eee eee, e.g... osncnncwees 1164 
Materials and Methods of Architectural 
Construction. Parker, Gay, and Mac- 
Guire. John Wiley & Sons, Sn dae anon 415 
Materials—Survey of recent German de- 
Re a at el pe i 156 
Mathematics—Applied, for engineers, sci- 
EE Sin ke hie ate dan i dadie ce semes® > % Se 415 
Mechanization—Housing construction in 
i BEES SEEN EIR. arlene FF AR gE 660 
Membrane—Laid on base prior to placing 
Pavement concrete ............... 232 
Microscopic investigation — Methods of 
collecting and preparing samples for. 923 
Minimum ym ny Standards for One 
and Two Living Units. Federal Housing 
ESP era ae 924 
Mixing—Continuous automatic plant for 1151 
Mobility—Concrete mixes—Factors influ- 
tah hes eb esetodhaeueek ad-h 3 <5 ue ey 1161 
Model studies 
-~Photoelastic methods .................. 667 
~Variety of structures ............ 1162 
Modulus of elasticity—Increased due ‘to 
NED Shirin oi glad’ pre eon adie ne 827 
Mohr’s law—Explanation ................ 660 
Moisture content—Related to shrinkage 
and expansion of prisms ............. 1234 
Moisture meters — Tested in field and 
i ieee, JU ah hone mangas ec 159 
Moment distribution 
Heration method for continuous beams 
and frames without joint displacement 912 
AP ROE Sk p'6'0 00:00:30 s00.5044RbeRe 297 
-Simplification for symmetrical frames 
I. k Sule ankcsnchwds we nan ORG Ra E> 821 
Mortar 
OU re 917 
-Effect of air-entraining agents on .... 824 
~Masonry and plastering—Test methods 299 
National Research Council of Canada — 
pe. ee eee eS 160 
Nervi, Pier Luigi—Structures designed by 748 
Oil emulsion—Attack on concrete ....... 828 
Oleic Acid—Interground with cement .. 408 
Orthotropic plates—Bending theory ap- 
plied to skewed stringer bridges ..... 660 
Paint—Research on styrene-butadiene la- 
tex, polyvinyl acetate emulsion, and 
acrylic resin emulsion ................ 156 
Panama Canal locks—Repair of deteri- 
GORGE UI | twp taxes peeneness14e4 1317 
Papers of the German Concrete cera | 
Meeting 1957. Deutscher Beton-Verein 
REE SOP I ONT PES POPE OEP 5 828 
Parking garage 
EE ta knhons ouvdds xueweoeeeehee an 152 
-Wa hee kaa ae ite hed hard 405, 
Partial prestressing—Theory and design 
EE dad Dic. hot ina wa ene aera de too 158 
Patching—Scaled pavements ............ 744 


Part 2 Dec. 


Pavement 
Airfield—Scaling in Sweden ... 
Behavior compared under static and 


1959 


dynamic loading conditions .......... 300 
~Continuously reinforced—Design ... .664, 918 
-Continuously reinforced—Performance 

SE aaptanctdadsa cep had cnediee > ee awe i 664 
-Continuously reinforced—Ten- aaeall re- 

is Se MEE S0neo20 cet vances 301 

Design practices in Europe ............ 917 

Se SME wdéaeceeebbnnees eases 301 
-Effect of subbase thickness on strength 6821 

Energy-absorbing barrier system ..... 664 
-~European construction practices ...... 1232 
—Joint spacing and construction ........ 1156 
~Performance evaluation techniques ... 918 
-~Precast reinforced slabs used for pro- 

WEE GEE oc cbodakhcesbwaccnedp ee cr 411 

Prestressed—Pittsburgh test section . 918 

Prestressed—Proposed test in England 300 
~Prestressed for airfields .............. 1156 
-Riding qualities affected by mechanical 

spreading and finishing .............. 1156 

aling and its repair in Sweden ..... 744 

<n PET oc cece ence pectcaesstes 917 

Road test history surveyed ......... 822 
—~World survey of design and construc- 

RRS a et he ABE tee ee 821 
Paver—Slip-form Type ............. 663 
Penstocks—Steel embedded in concrete 

within rock tunnel—Pressure Studies. 159 
Periodicals regularly scanned for reviews 1327 
Perlite concrete—Long-Term expansion.. 666 
Perlite plaster—Long-term expansion 666 
Permeability tests 

Evaluation of waterproofers .......... 520 
~Evaluation of waterproofing materials 297 
Philosophy of Structures. Torroja. Uni- 

versity of California Press ............ 519 
Photoelastic studies—Plastic models of 

reinforced COMCTEtE .......-.-ececeeees 667 
Pier slab system—Resistance foundation 821 
Pier 

Concrete deck on timber piles ........ 1150 

Design charts and formulas ........... 914 

—— and construction .............. 1229 
Pile: 

“Drilled— Design charts and formulas .. 914 

Dynamically laterally loaded—Model 

ET sp cnwiec<cenedeassso¥s 465.600 6s 680080 414 
-Forces created during driving ........ 922 

REE. 5s besareccesetedbesiceas 412 
~Test loads compared with computed 

DOREENS COACH 2 oc occcccccccsccncceass 923 
Pipe j 

~Handbook of American Concrete Pipe 

ME sido 6aca 405s bb oes 49009 6%% 997 

Prestressed for Athens aqueduct 822 

Prestressed—Design ..........+---++++- 1322 
Plastering — Comprehensive historical — 

EE RUE Sado caccnesesvecncvecs 152 
Plastic deformation—Comprehensive sur- 

vey of 40 years’ literature ....... 826 
Plastic design—General review and veri- 

TENE caseedc tcc dceektheapes+svéneies 913 
Plastic shrinkage cracks—Factors affect- 

"GR -A rh < 1 Sere pee 915 
Plate 

-—Circular—Moment calculation ........ 913 

as EE Sosctboccnnaesueetbas secs 660 

—Orthotropic—Bending theory applied to 

skewed stringer bridges .............. 660 
—Prest MOE. ecco taves tes seve 1322 
-Stress distribution influenced by series 

of equa! circular holes ................ 1153 
~Thin—Behavior at corners ........... 1152 

Pole 

~Prestressed for power lines ........... 1322 

-Prestressed for power transmission 

PE ixnn Guidide 9 bRbHSE DAs 0 bREE > ORS E EE CHOS 1234 
Polyvinyl acetate 

-Effect as admixture in concrete ..... 1154 
-Review of use as an admixture ........ 663 

Polyelectrolytes — Synthetic — Effect as 

ED pu acewetetnsbeveethsecvedscben 1155 
Portal frames—Precast .................- 301 
Power plant—Construction .............. 819 








INDEX—Current Reviews 


Pozzolan 

Pozzolan 
Admixture to improve resistance of 
concrete to sulfuric acid . 
Method of evaluating activity 


cements—Properties 


Pozzolith—Effect on concrete 


295 
Pumice and pumicite from Washington 1231 
66: 


Precast 
Russia . 
Precast prestressed construction—Devel- 
opment of joints for ' 
Precast unit 
Harsh mixes 
for 
Large size for residential construction 
—-Russia 
Manual of technical and marketing da- 
ta—Florida : 
Mechanized production in Denmark ... 
Used to assemble flat slab type of floor 
Used to build four-story office 
Prefabrication—Effect on construction of 
postwar buildings (Britian) 
Prestress transfer—Pretensioned tendons 
to concrete—Tests and analysis 
Prestressed beam 
Behavior at transfer .... 
Load tests 
Vibration load effect 
Prestressed Concrete. Morice and Cooley. 
Pitman & Sons, 
Prestressed concrete 
~Construction descriptions — 
Cost comparison—Yu 
Design papers comp 
Developments in a. qe 
Fatigue in 
Fire resistance 
International federation — eennndinne’ 
of 2nd congress . 
-Piants—Minimum standards (tentative) 


panels—Fabrication methods— 


and reground cement used 


919 


Recommendations for maximum safety 1234 


Review by British prestressed concrete 
development committee 
Russian structurs use high grade con- 
crete 
Shear design problems 
-Slovenia—Tests and experiences 
Specifications in Spanish 
Specifications of various 
compared 

-Status in Italy 

-Survey of preset, past and future . 

Prestressed concrete sae in- 
ternational—Berlin 1 

Prestressed anne tae AIEEE and De- 
sign. Evans and Bennett. John Wiley & 
Sons, Inc. 

Prestressed joists—Quality control 

Prestressed lamp poles 

Prestressed pavement 
Design procedures in 
France vende vld'ee'a 
Mode! studies 
Test section proposed in England 
Theory and tests—Patuxent slab 

Prestressed railroad ties 

Prestressed rigid frame—Load tests 

Prestressed shelis—Philips Co. exhibit at 
Brusels Fair 

Prestressed stone—Competes. with con- 
crete 

Prestressed structures—Examples in the 
Netherlands 

Prestressing 


Britain and 


BBRV method prevalent in Switzerland 1159 


Gifford-Udall-CCL system and its ap- 
plications 


MR St 150 method saves steel by an- 
1 


chorage technique 
Partial—Theory and design examples. . 
Prestressing cables—Optimum value of 
tension in 
Prestressing materials—Testing and 
spection procedures 


Prestressing plant — Winter eppemtanens 

methods 
Prestressing steel 

Characteristics tested 

Creep studies 

Tested at. elevated temperatures 
Prestressing wire—Failure studied .. 
Pretensioned concrete — Bond observa- 

tions 
Printing works 

construction . 
Proceedings of the Second Congress ‘of 

Federation Internationale de la Pre- 

contrainte. Federation Internationale de 

la Precontrainte 

Prometo—Sliding forms 
Prorperties—Afiected by 

portioning, curing... .. 
Pumice—Pozzolanic activities 
Pumping—Fresh concrete eanannapegs : 
Pyrite—Stains concrete .. ; 


-— ‘Debden Design and 


materials, 


pro- 


Quality control 
Application on large highway projects 
Charts for plotting compression test 
results 
Field concrete and reinforced concrete 
Prestressed joists 

Quays—Thick concrete slab on steel piles 


R 


Racetrack—Automobile testing 

Radiation shielding 

~High density concrete for 
Magnetite concrete 

~Proportioning concrete for 
Summary of two ACI papers 
Survey of literature 

Railroads—Rotterdam—Use of concrete 
structures 

“Rapid Test’—Block shrinkage 

Redistribution of stresses—Beams—Effect 
of surface and plastic properties of re- 
inforcement 

Refractories—Attacked in rotary kiln 

Refractory concretes—Thermal conduc- 
tivity 

Register of Dams in the United States. 
Mermel. McGraw-Hill Book Cc. 

Reinforced Concrete in Architecture. 
Raafat. Reinhold Publishing Corp. 

Reinforced Concrete Fundamentals. Fer- 
guson. John Wiley and Sons, Inc. ... 

Reinforcement 
Cold worked—Welding of splices and 
anchorages 

-Corrosion caused in marine environ- 
ment 

~Deformed—Bond strength 

Be practices 
—Self-supporting eliminates formwork 
and centering 

-Surface and plastic properties—Effect 
on redistribution of beam stresses .... 
~Tentor bars tested in bending 

-~Tests compare efficiencies of 
worked deformed bars with plain 
— mild steel and square twisted 


mn. J method 
~Marine concrete 
~Masonry and concrete 
-Panama Canal locks 
Research buildings — 
planning and design 
rvoirs—Prestressed, closed—Analysis 
and design 
Retarders—Lignin . 
Road tests—Historical survey of .... 


Compilation on 





1669 


1670 


Roof 
Doubly curved, precast shell elements 
Miling ds ccenvretadhathons Eee oka EAs 
Composite of prestressed am and 


lightweight slabs 
Cost comparisons of various materials 
Precast Trusses—Roof—Precast 
Prestressed, cylindrical man—Wupyer- 
tal pool 
Prestressed, 
Slovenia 
Prestressed shell 


Suspended—Design and _ construction 

problems ......... eke dAK wien 0G alt tn 
S 

Safety 


-Accident prevention manual 
—Ferroconcrete—Eccentric loading 
-Symposium of varied papers 
Sand-cement—Strength of concrete made 
GE) Seb hoa eel <eaoetccatencdeesovees 
Sand-lime mixes — Autoclaved — Rein- 
Cw ry eee 
Sand — Organically 
concrete strength 
Sandwich panel 
—~Design of connectors to hold panels 
together 
Structural design using 
Sawdust—Use as aggregate 
Scaffolding—Specifications and guide to 
erection and use 
Scaling 
Airfield pavements in Sweden ........ 
Pavement—Attempt to stop by protec- 
tive coatings 


Pavement — Repair techniques com- 

ING Ahics ahtnn Site ON a éide 0's bane downe 
Schmidt hammer 

I i eidndu dens vavcscneccsants 


~Evaluation of its use 
Calibration and use ..... 
Scientific French. Locke. John Wiley & 
Sons, Inc. 
Scientific German. 
Witty G& Beams, UNC. 2. ciccccivcccesses 
Sculpture—Decorative on sand-cast tilt- 
up wall 
Seawalls—Economic and technical adv an- 
tages of concrete for 


rman. Condoyannis. John 


Seawater—Resistance of concrete to its 
LEG CuRENCES Wie cikins, > Han SOUS 56.06 0c8 Ss 
Seismology—Bibliography ............... 
Shale—Sintered to produce lightweight 
ads hig Bi Sag st bad ade sds ecaas 
Shanley effect—Inelastic action of me- 
Se GN 5S ved Wdie w'Sis ss S% cbloweciasic 
Shear connectors — pbc ha eee beams — 
ES a tie Cyt 0 div bea dwhievd bet Gbbe ah 
Shear “tuign— Beams ......... 
Shear 
Influence on moment resistance of 
ND: ac ndae<o se dbbed Bietvctavdoedsansys 


Prestressed concrete—Design problem. 
Shear stress—Methods of determination 
Se EN ccuack dat kahcascaseuvenneseua’ 
Shear tests—Prestressed I-beams 
Shell roof 
-Catenary and paraboloidal 
PND ol aaa 5d bah ve RE DATA 
Shell structure—Philips Co. 
PE EEE 6 oso coeds den 
Shell 
Analysis of membrane stresses 
Conoidal—Stress analysis 
Cylindrical continuous — 


Analysis by 


successive approximations 
Done over tennis courts 
Doubly curved—Analysis neo 
Doubly curved paraboloid at Wimble- 
don ; 

Barrel vault—Prestressed 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


922 
158 
292 
157 
819 
302 


: 1159 


1320 


416 
661 

415 
1321 
1163 


1231 


1230 


. 1232 


1229 
300 
744 
744 
668 
416 
160 
415 
415 

1321 

1230 


921 
923 


1320 
995 
827 
742 

1324 

1159 


1326 
922 


297 
1159 





Part 2 Dec. 1959 
Cylindrical—Application of Parganas 
vault theory ... (einian Babe 296 
Cylindrical--Roots— Design 153 
Cylindrical—Vibrations 297 
Doubly curved—Numerical analysis 153 
Having free edges—Analysis method.. 1154 
Hyperboloidal—Momentless shell the- 
ory applied to exhaust ducts of cooling 
ins Socal ed bbe aad bad a 296 
Parabolic—Simplified flexure theory of 
PL chteessaveh ves haan bok 294 
Precast, doubly curved form a vaulted 
Ns hi. ci ert avasckhdeesnkeates eee 922 
Prestressed, northlight—Model tests for 
NE cute nao Oak OSH 6 tise 0 W606 oe de 824 
Revolution—Thin—Edge stresses 520 
Spheroidal—Buckling formula 1154 
Tested by hydraulic machine applying 
UE DOOD. . bsciknwentuesveen 159 
Translational — Composite — Analysis 
and load tests . oberueke 406 
TIMER GRE BOGS occ ccscices 406 
Shielding concrete 
ee 1322 
Thermal consideration in design 1231 
Shrinkage 
Differential, in composite concrete 1234 
Effect on variation of dynamic modu- 
lus of concrete with rapid heerpesprns 
cement piktiekretebisokese ne 
Hand- -compacted concrete ....... .§ SS 
High-strength concrete compaction — 
High-strength concrete bwniie:d sae jae ae 
Measured in existing structures . 1234 
Prisms—Related to moisture content.. 1234 
Stresses—Symmetrically reinforced fer- 
roconcrete elements ........... 825 
Silicones—Effect on water repellency, 
scaling of concrete ........... 235 
Silo 
Design and construction survey 153 
Precast used as grain elevator 292 
PRVOGRTORIRE «co civeceeces 157 
Simulator— Structural—For ‘static analy- 
TE. iuweboeds ow tis sete Fen 4s but 05s . 913 
Slab 
Analysis for various edge conditions... 913 
Bridge—Prestressed-—Load distribution 303 
Cast under water, for pump house in 
ek <7 ror perry coe 
Circular—Moment calculation 913 
Design by load factor method 820 
Fracture-line theory of design .. --. 1153 
Hollow core cast using fiber tubes .. 1151 
Hollow core—Design ........... ; 1151 
I ES ik wid he awn deeed kde ecewinse 157 
Precast, lightweight, reinforced with 
dense prestressed elements ..... é& meee 
Prestressed—double-T Fire test 822 
Prestressed—Fine tests .............. 746 
Slag 
Effect on mortar when used as a ce- 
ment replacement .. . 622 
Hydraulic properties related to beha- 
vior of blast furnace ... 996 
Sliding forms—‘Prometo” type 910 
Slip forms—Survey of types 818 
Slip — Prestressing tendons .... . 411 
Sodium chloride — Used in “cold” con- 
PES Srey tere ee ca 410 
Soil- -Freezing—Theories and factors af- 
PE. cb wiebcictn Oke ede dade e 160 
Soniscope tests—Field study, 1953-1957 158 
Space structure—Belgrade Fair , 293 
Span limitations—Factors affecting and 
type of structure ........ . .. 1158 
Specifications 
ASTM standards for aggregate and 
concrete Ce ee ey pee 1320 
Instructions for ‘writing so as to assure 
concrete quality 1327 
Specific gravity—Method of determina- 
CD ha ksi db ck ekewseds _ 915 
Spectroscopic analysis--Cement clinker 
and raw materials ........... 915 
Stairs—Straight flight ending in ‘girder- 
2 rere ee 154 





INDEX—Current Reviews 


Statistics Manual. Crow, Davis, and Max- 
field. U. S. Naval Ordnance Test Sta- 
tion . --- 304 

Steeple—Rebuilt with precast. conc rete.. 1156 

Stone—Natural—Prestressed 412 

Strain gage 
Electric—Attaching to reinforcement.. 1162 
Electrical resistance, bonded-wire type 304 
Electromagnetic, torsional . 159 
Unbonded elastic wire 

Strain measurement 
Massive structures ... 

Prestressed structures 

Strains—Compression—Elastic 
manent in rapid testing - 

Strength—“Fundamental’ "Defined, 
vestigated 

Strength tests — 
pared ad 

Stress 
Determined via strain measurement... 415 
Measured directly in concrete and soil 
by Brosa and Glotzl meters .. 
Measurement in existing structures . 

Stress transfer—Steel piles embeddd 
concrete caps 

Structural 

Structural 
dustry . -. 1326 

Structural design— Torroja’ s philosophy. 519 

Structural engineering—South American 
meeting reports 

Structures — Field observations — Pro- 
cedures, equipment, and techniques .. 414 

Stud shear connectors—Composite beams 414 

Subbases—-Effect of thickness on pave- 
ment strength 

Subway See haeengret— Precast 
crete lining .... 

Successive substitution— Method of anal- 
ysis of certain beams, girders, and 
frames = SPSL. ~« fe 

Sulfuric acid—Attack on mortars ...... 825 

Sulfate resistance 
Affected by calcium 
ture 
Affected by free lime in cement 

Sulfuric acid—Attack resisted by 
crete made with pozzolan 

Superposition—Principle of—Applic ation 
to strains of concrete a to 
change of stress ..... -. 28 

Supersulfated cements—Properties ; : 661 

Surface-active agents—Effect on frost 
resistance of cement pastes coe 

Swimming pool 
Glass paneled walls in concrete frame 1164 
Manufacture of and accessories for 304 
Proposed minimum standard ; 524 
Wuppertal, Germany we 819 

Swiss hammer . .. 416 

Sydney fly ash—Used in concrete .. 156 

Symposium on the Observation of Struc- 
tures. Laboratorio Nacional de =e 
haria Civil 414 


Various methods com- 


1318 


chloride admix- 


con- 


Tank 
Circular wall design 
Cylindrical—Prevention of cracks 158 
Effect of Tension ring on stresses ¢ 
Gas storage—Post-stressed 997 
Impermeable to crude oil and gasoline 826 
Prestressed—Closed—Analysis and de- 
sign Pe 
Prestressed—Cylind rical 822 
Prestressed—Design ... ; 1322 
Prestressed—Prefabric ated 301 
Water storage at Rotterdam a . 152 
Temperature 
Affects design of shielding concrete 1231 
Curing—Effect on strength 1235 
Damaging effects on concrete .. . 825 


Materials — Effect on 
pastes and mortars 
Stresses—Circular girders 
Tensile strength 
Indirect test 
crete cubes .. 
Physical significance in relation to mo- 
dulus of rupture 
Tension ring—Influence on stress in cy- 
lindrical tank ai ‘ 
Tentor bar 
Bend tests 
Extensive tests of reinforcing proper- 
ties 
Theory of Concrete. Nicolau, Abranovici, 
Enescu, Mihail, Stanculescu, and Zvi- 
bel. State Edition of Architecture and 
Construction 
Theory of Structural Analysis and De- 
sign. Michalos. The Ronald Press Co.. 
Thiokol latex — Coating for concrete 
shells of petroleum storage units 
Ties—Railroad 
Design and tests 
Precast .. 
Prestressed 
Tilt up 
Design at buildings suitable for 
Manual for contractors ........ 
Walls—Sand-cast, sculptured ... 
Torroja, Eduardo—Philosophy of 
tures aie ' 
Tower 
Slender, unstayed—Anchor bolts for 
Vibrations studied and eliminated 
Truck mixers—Performance Tests 
Truss 
Composite of steel and prestressed con- 
crete . 
Space—Precast diagonals 
Tunnel cuts—Stresses—Rectangular pay 
section with arch shaped roof 
Tunnel lining . 
Precast concrete for Leningrad subw: ay 
Tunnel 
Construction methods 
In rock — Design of reinforcement 
around . 
Timbers replaced by 
supports 


properties 


method applied to con- 


struc- 


apecsassg At concrete 


Ultimate strength design 
Charts for sections subject to bending 
Charts and comparisons with conven- 
tional methods - 
Load factor methods 
Ultrasonic testing 
Discussion 
Thick concrete (up to 20 ft) 
Underground building—Design 


V 


Vault 
Barrel—Analysis - 
Prestressed, barrel—Factory in Angers 
-Ribbed with double shell—Exposition 
Palace in France ab 
Rigid, 
theory 
Viaducts 
France 
Vibration table — Experiments with am- 
plitude and frequency a 
Vibrations 
Cylindrical 
Cylindrical 
plates ... 
Towers—Studied 
Undamped 


self- supporting Tests and 


Prestressed for railroad in 


shells 


shells and rectangula! 
and elimin: ited 
harmonic 











1672 








Viscosity—Cement paste—Affected 
air-entraining agents 


W 


Wall deformations—Effect on floor slabs 
of multi-story houses 
Wall panels—Room-size, precast—Use in 
Russia 
Wall 
a x BO Ee rey ere 
Curtain—Comprehensive review 
Load tests in compression 
Masonry—Blast loading 
~Masonry—Flexural strength in horizon- 
tal span 
Warped deck—Parking garage 
Water-cement ratio — Determination 
based on hardened concrete sample .. 
Water-cooling towers—South Africa .... 
Waterproofing 
Below grade structures—Various meth- 
ods 
-~Bituminous compound 
Materials—Evaluation of 


Waterproofers—Methods for evaluating. . 
Waterstops—Rubber—Trsts 
Water tower 

-Caen-La Gueriniere 


be kab'eed 405, 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


27 
659 
160 
292 


Part 2 Dec. 


1959 






Prestressed—Orebro, Sweden. ..412, 918, 919 
Welding 


Method for Torstahl .................. 1164 
Pe TRIE 6 Sic ccceqntodrecveqess 1164 
Reinforcing steel for pavements ...... 664 


—Splices and anchorages for cold worked 


FR ary EE ee are 828 
Wet grinding—Cement raw materials 1232 
Wharves—Design and construction ...... 1229 
Winter concreting 

-Heat lamps used on horizontal con- 

struction joints of dam ................ 19 

~Methods compared ...........cccceeees 

PINE “Sens sce'epssececcegsse 11 


Wind loads—Hyperboloidal water-cooling 
DEED. dn useitedervdere peeeses ncacoeseds 
Works of Pier Luigi Nervi, The. Priefert. 
Frederick A. Praeger, Inc. 


X 


X-ray diffractometry—Used -to classify 
Danish flints 


Ytong—Production and properties 302 








INDEX to News Letter 


AN CONCRETE INST 


An index to technical feature material published in the ‘‘News Letter’’ sections for readers 
who retain the monthly issues. The ‘‘News Letter’’ sections are not a part of or bound with 


the Proceedings. 


Barrel vaults—Roof for gymnasium Aug. 
1958 NL 

Bending—Cementitious materials Feb. 
1959 NL 


Bridge—Abidjan—Precast June 1959 NL 


Bridge deck—Use of structural steel 
shapes to aid forming May 1959 NL .. 


Catenary arches—Thin shell church roof 
Feb. 1959 NL 


Cementitious materials—Bonding Feb. 
1959 NL 

Columns—Cross-shaped—Central support 
of hyperbolic paraboloids May 1959 NL 


Epoxy resin—Bonding cementitious ma- 
terials Feb. 1959 NL 


Folded plates—Precast slabs frame and 
clad church July 1958 NL hata 


Hunter College—Library roofed with hy- 
perbolic paraboloids May 1959 NL.... 


Hyperbolic paraboloids 
College library roof May 1959 NL . 
Garage roof Feb. 1959 NL 


Institution of Structural snomnnprciiaed 
view June 1959 NL 


Latex emulsions—Bonding of Cementi- 
tious materials Feb. 1959 NL 


Museum—Guggenheim— ‘query forming 
problems June 1959 NL . ma TES 


Precast bridge—Abidjan—Huge central 
sections floated to position June 1959 
NL jas 


Precast prestressed roof—Double-T sec- 
tions for roof skin Jan. 1959 NL 


Precast slabs—Folded plate action for 
church July 1958 NL oS 


Prestressed bents — Modern restaurant 
Feb. 1959 NL 


Prestressed pavement—Experimental Feb. 
1959 NL 


Research—-Australia May 1959 NL 


Shells 
Catenary arches form church roof Feb. 
1959 NL Ne pad 
Sloping cylindrical — Clearwater tank 
Mar. 1959 NL 


Slabs—Precast—Form folded plate for 
church July 1958 NL i 


Structural ~ 2"? “heed > of 
concrete Oct. 1958 NL 


Structural steel—Used in mpaseset peat bridge 
deck May 1959 NL ; 


Vinyl resins—Bonding cementitious ma- 
terials Feb. 1959 NL 


Water ee evleeeningan shells 
Mar. 1959 NL aaa" 








Di 
Disc 


Disc 


Disc 


Disc 


Disc 


SCUSSION es e « sw Continued from front cover 
. 55-71 Cylindrical Shell Analysis Simplified by Beam Method, James Chinn 


. 55-72 ‘Flexural and Compressive Strength of Concrete as Affected by the 
Properties of Coarse Aggregates, M. F. Kaplan 


. 55-75 Use of High-Strength Steel in Reinforced Concrete, Georg Wastlund 
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ACI Proceedings V 55 is complete with Part 2 December JOURNAL— 
How to assemble 


When JOURNALS for July 1958 through June 1959 and Part 2 September, 1959 are pulled 
apart (after removing wire stitches), and covers, masthead (page just inside front cover), 
and News Letter sections are all discarded, remaining parts may be assembled with the 
parts of Part 2 December to complete Proceedings V. 55. 


Start with title page and contents taken from Part 2 December and follow with the issues 
separated as noted above from July to June in chronological order. Then add discussion 
pages from Part 2 September and discussion pages and indexes taken from this Part 2. 


If you do not wish to have this work done locally, then place an order with the Institute 
for its annual bound volume. Price of V. 55 to nonmembers, $21.00; to members, $7.50. 
Prices for V. 56 are subject to 20 percent discount if volume is paid for before June 15, 
1960. Write ACI Publications Department for prices of other volumes. 














